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EXECUTIVE 


SUMMARY 


I  iBfffl 


"I  think  it  is  very  important  to  apply  group  technology  concepts  for 
higher  productivity  of  the  U.S.  shipbuilding  industry.  Not  only  are 
‘ Zone  Outfitting ”  and  u Product  Work  Breakdown  Structure  ” 
important ,  but  also  the  overall  implementation  of  group  technology 
methods,  such  as  classification  and  coding,  computer-aided  process 
planning,  design  and  process  data  retrieval,  etc.  are  essential  for 
further  improvement  of  the  industry" 

So  said  Dr.  Inyong  Ham,  Professor  of  Industrial  Engineering, 
Pennsylvania  State  University,  when  asked  to  comment  on  the  application 
of  group  technology  manufacturing  methods  to  the  U.S.  shipbuilding 
industry. 


The  U.S.  shipbuilding  industry  is  at  a  crossroads.  If  productivity  is  not 
increased,  only  those  ships  most  vital  to  the  nation’s  defense  will  be  built  in 
U.S.  shipyards.  The  rest  will  be  forfeited  to  foreign  competition  as  cost, 
quality  and  construction  time  become  the  key  determinants  in  contract 
awards. 


For  many  years,  group  technology  has  been  endorsed  by  shipbuilders 
worldwide  as  one  of  the  cornerstones  of  the  shipyard  of  the  future.  In  other 
industries,  group  technology  has  been  an  effective  bridge  to  the  benefits  of 
advanced  technology  manufacturing.  Part  standardization,  repeatable  part 
assemblies,  computer-aided  process  planning,  automation,  and  robotics  are 
benefits  long  overdue  to  the  building  of  ships.  The  shipyard  that  adopts  a 
wait-and-see  attitude  may  wake  up  to  find  an  industry  dominated  by 
competitors  speaking  a  new  and  different  language.  The  true  peril  of  the 
current  crossroads  lies  in  the  disparity  between  the  long  learning  curves 
imposed  by  these  new  technologies  and  the  short  backlogs  held  by  most 
shipyards. 

The  goal  of  this  project  was  to  shorten  these  learning  curves.  As  Dr. 
Ham  points  out  concepts  are  only  a  beginning.  Tools  for  implementation 
of  group  technology  work  methods  are  essenntial  for  further  improvement  of 
the  industry.  Tools  make  technology  more  accessible.  This  manual  and  the 
classification  and  coding  system  contained  herein  were  developed  as  tools  to 
make  group  technology  more  accessible  to  the  U.S.  shipbuilding  industry. 

This  manual 

•  discusses  group  technology  and  its  application  to  shipbuilding, 

•  presents  a  classification  and  coding  system  based  upon  the  concepts 
of  Product  Work  Breakdown  Structure, 

•  presents  examples  illustrating  use  of  the  classification  and  coding 
system  in  two  forms;  manual  and  computer-aided, 

•  discusses  subjects  related  to  use  of  the  classification  and  coding 
System  and 

•  lists  resources  for  further  information. 
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SECTION  1 

The  Project  and  this  Manual 


Section  One  acquaints  the  reader  with  the  goals  and  methods 
of  this  manual  and  the  study  that  produced  it. 


1.1  Introduction 

This  manual  is  the  result  of  a  two-year  study  conceived 
and  administered  by  the  SP-4  Design/Production  Integration 
Panel  of  the  Ship  Production  Committee.  The  members  of 
this  panel  had  witnessed  the  important  role  group 
technology  was  playing  in  a  productivity  revolution  that 
was  occurring  in  many  industries.  Similar  benefits,  they 
felt,  could  be  realized  in  the  building  of  ships.  The  panel 
instituted  this  project  to  explore  the  role  classification  and 
coding,  an  important  aspect  of  group  technology,  would 
play  in  attaining  these  benefits. 

At  the  heart  of  this  effort,  was  the  panel’s  conviction 
that  many  of  the  barriers  encumbering  productivity  are  a 
result  of  the  polarization  of  design  and  production.  In  their 
view,  design  is,  in  fact,  the  first  step  taken  in  building  a 
ship.  Many  factors  affecting  production  efficiency  are 
determined  during  design;  it  is  essential  to  integrate  these 
functions  to  ensure  that  features  designed  into  a  ship  are 
suited  to  the  facilities  and  resources  that  will  be  used  to 
build  it. 

At  the  heart  of  his  integration  effort  is  effective 
communication.  If  ship  designers  and  shipbuilders  can 
develop  a  common  language  which  communicates  the  needs 
and  concerns  of  both,  then  a  significant  step  toward  true 
integration  will  have  been  taken. 

Enter  classification  and  coding.  Classification  began 
when  man  sought  to  understand  the  world  around  him.  By 
identifying  and  placing  plants  and  animals  into  hierarchical 
relationships  with  one  another,  classification  provided  a  very 
precise  language  to  describe  life  on  this  planet.  In 
shipbuilding,  the  vast  amount  of  work  that  goes  into  the 
building  of  a  ship  requires  an  equally  precise  language  if  it  is 
to  be  understood.  A  classification  and  coding  system  will 
not,  by  itself,  integrate  design  and  production.  But  by 
providing  a  common  language  for  the  description  of  work, 
the  panel  felt  one  major  obstacle  toward  that  goal  would  be 
overcome. 

Also  considered  as  a  part  of  this  project  were 
manufacturing  technologies  the  panel  had  observed  in  other 
industries  and  concluded  were  downstream  benefits  of  group 
technology  and  classification  and  coding.  These  included 
computer-aided  process  planning,  flexible  manufacturing  and 
“Just-In-Time”  material  procurement.  The  effect 
classification  and  coding  would  have  on  the  use  of 
CAD/CAM,  particularly  in  the  areas  of  standard  part 


libraries,  standard  structural  configuration  details,  and 
standard  equipment  arrangements  was  also  recognized  as  an 
important  potential  benefit  of  this  project.  Considering  all 
the  possible  benefits  that  could  result  from  the  development 
of  a  classification  and  coding  system,  the  panel  deemed  this 
project  a  wise  investment  on  behalf  of  the  U.S.  shipbuilding 
industry. 

Todd  Seattle  was  given  the  task  of  exploring  group 
technology  with  the  intent  of  developing  art  application  of 
classification  and  coding  for  the  shipbuilding  industry.  The 
results  of  this  effort  are  presented  in  Section  Three,  Product 
Work  Classification  and  Coding  which  traces  the 
development,  presents  the  configuration  and  explains  the 
function  of  the  classification  and  coding  system,  in  a  manual 
and  computer-aided  manner. 

During  the  course  of  this  study,  information  needed  to 
define  certain  characteristics  of  the  classification  and  ceding 
system  was  developed.  This  information  presented  in 
Section  Four,  Related  Subject,  should  be  reviewed  by  any 
shipyard  implementing  this  system  or  developing  one  of 
their  own. 

As  this  study  progressed  and  the  classification  and  coding 
system  began  to  develop,  it  became  apparent  that  to 
communicate  its  function  and  configuration  in  this  manual, 
it  would  be  necessary  to  introduce  certain  terms  and  concepts 
not  in  general  use  in  the  shipbuilding  industry.  This 
information  is  presented  in  the  following  chapter,  Section 
Two,  Group  Technology. 

In  concluding  this  introduction,  it  should  be  stressed  that 
group  technology  is  a  productivity  tool  that  tends  to  create 
broad  and  complex  applications.  The  goal  of  this  project 
was  to  provide  a  good  foundation  for  an  application  that,  for 
many  shipyards,  may  grow  to  many  times  the  size  of  the 
system  shown  herein.  This  manual  is  a  chronicle  of  the 
research  that  led  to  the  development  of  that  system, 
ultimately,  it  is  hoped  that  this  manual  will  play  a  part  in 
the  shipbuilding  industry  becoming  a  pioneer  in  the 
application  of  group  technology  to  large  and  intricate 
assembled  products. 

A  glossary  of  terms  and  a  catalog  of  the  resources  from 
which  this  study  drew  definitions,  data,  direction  and 
information  are  presented  in  Appendix  A  -  Resources. 
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SECTION  2 

Group  Technology 

Section  Two  provides  a  common  understanding  of  the  terms, 
concepts  and  goals  Of  group  technology. 

SECTION  CONTENTS 

2.1  Introduction 

2.2  Definitions 

2.3  Concepts 

2.3.1  Concepts  for  Organizing  Work 

2.3.2  Concepts  for  Accomplishing  Work 

2.3.3  The  Concept  of  the  Interim  Product 

2.4  Group  Technology  in  Shipbuilding 

2.5  Beyond  Classification  and  Coding  -  A  Case 
History 


2. 1  Introduction 

During  the  course  of  this  study  it  became  apparent  that 
to  report  the  findings  of  the  research  would  require  using 
certain  terms  and  concepts  which  are  not  in  general  use  in 
the  shipbuilding  industry.  Rather  than  leave  the  meaning  of 
these  terms  and  concepts  for  the  readers  to  discover  on  their 
own,  this  section  was  included  to  define  them  according  to 
the  needs  of  the  shipbuilding  industry.  All  of  the  terms 
defined  in  this  section  are  included  in  the  glossary  in 
Appendix  A-l. 

2.2  Definitions 

Group  technology  is  a  concept,  a  philosophy,  a 
business,  a  theory,  a  system  an  approach  and  a  buzz  word. 
During  its  two-year  study,  this  project  uncovered  literally 
dozens  of  viable  definitions  of  group  technology.  All  had 
meaning  within  the  context  of  their  use.  All  spoke  of  what 
group  technology  did  for  the  industry  to  which  it  was 
applied.  Few  addressed  how  group  technology  accomplished 
work  It  might  be  helpful  then  to  begin  this  introduction  by 
defining  group  technology  and  examining  the  concepts 
involved  in  its  use. 

Considered  separately,  the  dictionary  defines  the  words 

'group'  and  'technology'  as: 

Group  -  A  number  of  individuals  or  things  considered 
together  because  of  certain  similarities. 

Technology  -  The  application  of  science  especially  to 
industrial  or  commercial  objectives. 

(From  the  American  Heritage  Dictionary  of  the  English 
Language,  New  College  Edition.) 

An  effective  composite  definition  assembled  from  these 
might  read: 

Group  Technology  -  A  means  of  attaining  industrial  or 
commercial  objectives  by  scientifically  considering 


individuals  or  things  together  because  of  certain  similarities. 

Dr.  Inyong  I.  Ham  of  the  Pennsylvania  State  University, 
a  noted  authority  in  the  field  of  group  technology,  inferred 
this  idea  when  he  defined  group  technology  as 

"A  manufacturing  philosophy  which  identifies  and  exploits 
the  underlying  sameness  of  parts  and  manufacturing 
processes”. 

To  better  serve  the  needs  of  this  manual,  the  following 
definition,  more  specific  to  shipbuilding,  was  developed. 

Group  Technology/Shipbuilding  -  A  shipbuilding 
strategy  that  identifies  similarities  that  occur  at  specific 
stages  of  the  shipbuilding  process,  from  design  through 
delivery,  and  exploits  those  similarities  to  achieve  the 
industrial  goals  applicable  to  that  stage  and/or  the  entire 
process. 

23  Concepts 

When  group  technology  is  applied  to  an  industry,  it 
typically  manifests  itself  in  the  form  of  new  methods  for 
organizing  and  accomplishing  work  It  may  be  helpful  then 
to  explore  how  group  technology  functions  in  terms  of: 

•  group  technology  concepts  for  organizing  work  and 

•  group  technology  concepts  for  accomplishing  work 

2.3.1  Group  Technology  Concepts  for  Organizing  Work 

Group  technology  has  made  a  significant  contribution  to 
many  companies  solely  because  of  its  capability  as  an 
organizing  tool.  In  these  companies,  managers  use  group 
technology  to  organize  parts,  products,  information,  data  and 
people.  Because  this  study  limited  itself  to  parts  and 
assembled  products,  this  discussion  will  concern  only  these 
items.  It  should  be  remembered  however,  that  the  concepts 
defined  here  can  be  applied  to  the  organizing  requirements  of 
many  things. 
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Industrial  Part 


Part  Attribute  Sub-Group  No.  11 

Part  Attribute  Group  No.  1 

Part  Attribute  Sub-Group  No.  12 

Part  Attribute  Sub-Group  No.  13 

Part  Attribute  Sub-Group  No.  21 

Part  Attribute  Group  No.  2 

Part  Attribute  Sub-Group  No.  22 

Part  Attribute  Sub-Group  No.  23 

Figure  2.3-1 

Generic  Classification  Coding  Tree 


Group  technology  derives  its  organizing  capability  by 
providing  a  structure  or  framework  for  the  performance  of 
work.  Within  this  structre  large,  unwieldy  quantities  of 
parts  and  products  can  be  sorted  into  smaller,  more 
manageable  groups  according  to  specific  attributes. 

Attributes  -  An  inherent  characteristic  of  a  part  or 
product. 

Significant  attributes  which  enable  parts  and  products  to 
be  sorted  are  identified  with  the  aid  of  a  classification  and 
coding  system. 

Classification  and  Coding  System  -  A  structured 
arrangement  of  the  significant  attributes  which  a  company 
uses  to  sort  its  parts  and  products  and  an  abbreviated  means 
of  identifying  them  with  code  characters. 

A  generic  classification  and  coding  system  is  shown  in 
Figure  2.3-1  in  the  form  of  a  classification  tree. 

Classification  Tree  -  A  graphic  means  of  portraying  the 
structure,  attribute  groups  and  codes  of  a  classification  and 
coding  system. 

The  tree  is  read,  or  traversed,  from  left  to  right  as  parts 
are  sorted  into  groups  which  become  progressively  more 
specific. 

The  selection  and  structuring  of  attributes  me  two  of  the 
most  important  aspects  of  a  classification  and  coding 
system.  The  identity  of  the  attributes  must  sort  parts  and 
products  into  groups  which  are  compatible  with  the 
processes  that  will  be  used  to  manufacture  them.  The 
structure  of  the  attributes  must  reflect  the  organizational 
structure  of  the  manufacturing  facility. 

In  Figure  2.3-2,  a  classification  and  coding  system  for  steel 
parts  is  shown. 


This  classification  and  coding  system  sorts  steel  parts 
according  to  attributes  which  are  significant  to  their 
production  processes.  These  processes  will  be  discussed 
further  in  Section  2.3.2.,  “Group  Technology  Concepts  for 
Accomplishing  Work”.  For  this  discussion  concerning 
organization,  it  is  important  to  recognize  that  this 
classification  and  coding  system  would  provide  a  shop  which 
produced  steel  parts  with  a  means  of  organizing  parts. 
Rather  than  attempting  to  manage  all  of  its  parts  as  a  single 
entity,  it  can  now  sort  those  parts  into  four  smaller,  less 
complex  entities. 

Figure  2.3-3  illustrates  how  a  variety  of  steel  parts,  each 
uniquely  numbered,  are  sorted  into  groups  possessing  the 
attributes  reflected  in  the  classification  and  coding  system. 
After  classification,  parts  are  identified  by  a  two-part  number 
made  up  of  the  part  number  and  its  group  code.  By 
identifying  parts  in  this  way,  each  part  retains  an  individual 
identity  for  job  assignment  and  a  group  identity  for  sorting. 

This  two-part  number  is  the  key  to  group  technology’s 
organizing  capability.  It  captures  the  information  that 
enables  a  company  to  sort  parts  and  store  and  retrieve  related 
data  by  groups.  This  means  of  storing  and  retrieving  part 
and  product  data  is  often  the  primary  benefit  many 
companies  receive  from  using  group  technology.  Some 
companies  do  this  manually  in  file  cabinets,  others  use 
computers.  Either  way,  the  concept  is  the  same. 

The  classification  and  coding  system  and  the  logic  by 
which  it  identifies  and  structures  attributes  are  the  heart  of 
any  application  of  group  technology.  By  establishing  the 
organizing  characteristics  for  parts  and  products,  the 
classification  and  coding  system  reflects  organizing 
characteristics  for  the  work  that  will  be  done  to  manufacture 
them. 
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Parallel  Parts  (11) 

Parts  from  Plate  (1  0)  j 

Non-Parallel  Parts  (12) 

Steel  Parts 

Parts  with  Square  End  (21) 

Parts  from  Shapes  (20) 

Parts  with  Non-Square  End  (22) 

Figure  2.3.2 

Steel  Part  Classification  and  Coding  Tree 


2.3.2  Group  Technology  Concepts  for  Accomplishing 
Work 

Group  technology’s  Power  as  an  organizing  tool  has 
improved  the  efficiency  of  many  companies.  The  greatest 
benefits,  however,  have  been  realized  by  those  companies 
which  have  extended  the  logic  used  to  organize  parts  and 
products  into  their  production  facilities.  In  these  companies, 
group  technology  becomes  a  two-way  street:  Parts  and 
products  are  organized  according  to  the  production  processes 
they  require,  and  production  facilities  are  organized  according 
to  the  production  processes  of  the  parts  and  products  they 
produce.  In  companies  which  fully  embrace  group 
technology,  the  end  use  of  a  part  or  product  is  only 
significant  during  design  and  final  testing.  During  the 
manufacturing  cycle,  the  identity  of  a  part  or  product  is  a 
function  of  its  production  processes. 

The  value  of  sorting  parts  and  products  into  groups 
requiring  similar  manufacturing  processes  becomes  apparent 
when  the  cost  of  maintaining  those  processes  is  known.  If 
the  number  of  required  processes  can  be  reduced  by 
manufacturing  similar  parts  and  products  by  common 
processes,  then  production  cost  will  be  less  than  when 
similar  parts  and  products  were  manufactured  by  independent 
prcesses. 

Referring  again  to  the  classification  and  coding  system 
shown  in  Figure  2.3-3,  this  application  of  group  technology 
provides  a  means  of  accomplishing  work  by  sorting  steel 
parts  according  to  their  production  processes.  Those  parts  in 
Group  11,  Parallel  Parts  from  Plate,  would  be  cut  on  a 
shear.  Parts  in  Group  12,  Non-Parallel  Parts  from  Plate, 
would  be  cut  with  a  numerically  controlled  torch.  Parts 
from  Shapes  with  a  Square  End  Cut,  Group  21,  would  be 
cut  with  a  cut-off  torch,  while  Parts  from  Shapes  with  Non- 
Square  Ends  would  be  cut  with  a  saw.  Certainly,  other 
processes  could  be  substituted  in  place  of  those  mentioned 
here,  depending  on  the  configuration  of  the  part  and  the  tools 
available  at  the  facility.  It  is  apparent  though,  that  this 


classification  and  coding  system  would  enable  the  steel  shop 
to  route  its  parts  to  the  tool  which  could  most  efficiently 
produce  each  part.  The  steel  shop,  in  turn,  would  be 
arranged  to  reflect  the  most  efficient  routing  for  parts  that 
required  multiple  processes. 

This  example  has  been  kept  relatively  simple  to 
demonstrate  the  relationship  between  the  part  attribute  and 
its  corresponding  production  process.  In  this  case,  a  single 
attribute  required  a  single  process.  Group  technology 
becomes  more  complex  when  single  attributes  or 
combinations  of  attributes  require  multiple  processes. 
However,  the  logic  remains  the  same:  The  attributes  dictate 
the  selection  of  processes. 

This  discussion  has  tried  to  demonstrate  that  the  full 
utilization  of  group  technology  is  a  two-step  process: 

Step  1 :  Parts  or  products  are  sorted  into  groups  which 
possess  similar  attributes  using  a  classification  and  coding 
system. 

Step  2:  These  groups  are  exploited  to  yield  the  most 
productive  use  of  the  manufacturing  facility  and  its 
production  processes. 

Further,  these  steps  are  interdependent:  The  classification 
and  coding  system  is  partially  derived  from  the  capabilities 
of  the  manufacturing  facility,  while  the  facility  is  often 
arranged  to  suit  the  production  requirements  of  the  part  and 
product  attributes. 

2.3.3  The  Concept  of  the  Interim  Product 

Before  discussing  group  technology  and  its  relationship 
to  shipbuilding,  it  is  necessary  to  define  the  concept  of  the 
interim  product.  For  it  is  this  concept  which  enables 
companies  to  utilize  classification  and  coding  in  organizing 
the  manufacture  of  products  which  are  assembled  from  large 
quantities  of  both  fabricated  and  purchased  parts.  Further, 
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because  shipbuilding  involves  such  a  large  number  of 
assemblies  and  sub-assemblies,  the  term  “part”  does  not 
provide  an  adequate  vehicle  for  production  control.  The  term 
“interim  product”  was  devised  to  provide  this  vehicle  for 
control. 

Interim  Product  -  An  interim  product  is  the  end  result  of 
any  one  stage  of  production. 

This  definition  is  necessarily  broad  because  of  the  many 
stages  of  production  in  building  a  ship.  An  interim  product 
can  be: 

•  An  individual  fabricated  part, 

•  An  assembly  of  individual  parts;  purchased, 
fabricated  or  both, 

•  An  assembly  of  previously  produced  interim 
products, 

•  The  installation  of  smaller  parts  or  interim  products 
into  a  larger  interim  product, 

•  The  act  of  testing  an  interim  product, 

•  The  act  of  preparing  purchase  documents  and 
palletizing  parts  and  components, 

•  The  act  of  cleaning,  preparing  the  surface  of,  or 
painting  an  interim  product, 


In  shipbuilding,  it  is  the  interim  product  which  is 
classified  and  coded  to  form  groups  from  which  work 
packages  can  be  planned. 

2.4  Group  Technology  in  Shipbuilding 

The  building  of  a  ship,  with  its  tremendous  variety  and 
volume  of  work,  would  seem  to  be  fertile  ground  for  an 
effective  application  of  group  technology.  To  search 
through  the  many  divergent  aspects  of  ship  construction  and 
identify  the  most  significant  attributes  of  the  parts  and 
products  involved,  however,  seems  an  overwhelming  task. 
But  to  wisely  identify  and  exploit  these  similarities  will 
benefit  the  industrial  goals  of  the  designer,  the  shipyard  and 
ultimately  the  owner  in  ways  no  shipbuilder  can  afford  to 
ignore. 

In  fact,  the  use  of  group  technology  in  shipbuilding  is 
not  a  recent  occurrence.  For  many  years  shipbuilder  have 
sought  methods  to  divide  the  enormous  task  of  building  a 
ship  into  a  series  of  smaller,  more  manageable  projects. 
Many  of  these  methods  fall  loosely  within  the  definition  of 
group  technology  because  they  attempt  to  divide  the 
shipbuilding  process  according  to  some  system  of 
similarities  which  is  then  exploited  to  benefit  the 
shipbuilder. 

To  establish  a  starting  point  for  understanding  group 
technology  in  shipbuilding,  it  will  be  helpful  to  quickly 
review  one  of  the  most  popular  applications  currently  in 
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Figure  2.4-1 

!.  Classification  and  Coding  Tree 
(abbreviated) 


use  in  U.  S.  shipyards:  The  Ship  Work  Breakdown  System 
(SWBS).  Under  SWBS,  similarities  of  system  function  are 
identified  in  a  classification  and  coding  system.  The  first 
two  branches  of  this  system  are  shown  in  Figure  2.4-1.  In 
many  shipyards,  the  SWBS  classification  and  coding 
system  is  used  as  a  means  of  organizing: 

•  Drawing  schedules, 

•  Material  catalogs, 

•  work  planning, 

•  Work  orders, 

•  Craft  labor,  and 

•  Cost  collection. 

SWBS  and  systems  similar  to  it  are  widely  used  because 
they  provide  a  single,  consistent  classification  and  coding 
system  which  can  be  used  in  virtually  all  aspects  of 
shipbuilding,  from  preliminary  design  through  life  cycle 
maintenance. 

Recently,  a  reduction  in  the  number  of  ships  being  built 
worldwide  has  created  a  very  competitive  situation  in  the 
shipbuilding  industry.  To  compete  more  effectively,  many 
shipyards  have  sought  means  of  increasing  productivity. 
These  shipbuilders  witnessed  the  significant  productivity 
improvements  group  technology  had  created  in  other 
industries  and  felt  that  similar  improvements  could  be 
implemented  in  the  shipyard.  Of  particular  interest  was  the 
direct  connection  group  technology  provided  between  part  or 
product  attributes  and  production  process  selection.  If 
shipbuilding  processes  could  be  selected  by  attributes  found 
in  the  various  parts  and  products  that  make  up  a  ship,  work 
could  be  planned  and  production  managed  more  effectively. 

SWBS  and  other  incumbent,  system  function  oriented 
classification  and  ceding  systems  were  found  to  be 
inadequate  for  this  purpose.  While  the  attributes  they 
possessed  provided  a  means  of  organizing  work,  they  did  not 
capture  the  most  effective  information  for  accomplishing 
work.  Attributes  of  system  function  did  not  provide  an 
effective  basis  for  process  selection  because 

1.  Work  packages  predicated  on  system  function  often 
contain  a  variety  of  work  processes  and  make  no  distinction 
between  fabrication  and  assembly  work, 

2.  Systems  typically  run  to  many  parts  of  a  ship 
resulting  in  work  packages  that  are  spread  over  large  areas 

making  them  difficult  to  monitor  and  coordinate, 

3.  Work  packages  often  contain  too  many  man-hours  to 
serve  as  an  effective  means  of  process  control. 

To  effectively  utilize  group  technology  as  a  means  of 
organizing  and  accomplishing  work,  shipbuilders  needed  a 
classification  and  coding  system  that  identified  part  and 


product  groupings  according  to  production  process 
similarities,  i.e.,  work  packages,  containing  similar  types  of 
work,  in  manageable  increments  and  areas. 

To  meet  these  needs,  the  most  advanced  builders  of  ships 
have  begun  to  use  an  application  of  group  technology  called 
Product  Work  Breakdown  Structure  (PWBS).  PWBS 
provides  a  scheme  for  sorting  ship  parts  and  products 
according  to  similarities  of  product  work,  rather  than 
system  function. 

It  would  be  a  duplication  of  effort  for  this  manual  to 
describe,  in  detail,  product  Work  Breakdown  Structure.  The 
reader  is  instead  encouraged  to  read  or  review  the  manual, 
“Product  Work  Breakdown  Structure”,  a  publication  of  the 
National  Shipbuilding  Research  Program,  1982  revised 
edition.  A  classification  and  coding  system  that  was 
derived  from  Product  Work  Breakdown  Structure  is 
presented  in  Section  III. 

The  remainder  of  this  section  will  be  devoted  to 
discussing,  in  general  terms,  the  capabilities  a  classification 
and  coding  system  provides. 

2.5  BEYOND  CLASSIFICATION  AND  CODING  -  A 
CASE  HISTORY 

Ultimately,  a  classification  and  coding  system  becomes  a 
tool  for  capturing  information,  and  it  is  information  which 
is  used  to  organize  and  accomplish  work.  In  its  research, 
this  study  witnessed  applications  of  group  technology  that 
began  with  classification  and  coding  of  the  work  object  and 
gradually  accumulated  more  and  more  information  until 
virtually  every  aspect  of  the  journey  through  the 
manufacturing  facility  was  defined. 

The  classification  and  coding  system  presented  in  the 
following  section  was  developed  with  such  an  application 
in  mind.  Its  objective  was  to  classify  and  code  the  work 
object,  i.e.,  the  interim  product,  with  the  knowledge  that 
this  was  but  the  first  step  in  what  would  eventually  become 
a  much  larger  information  capturing  process. 

The  relationship  between  classification  and  coding  and 
other  aspects  of  this  process  is  demonstrated  in  a  case 
history  presented  as  Figure  2.5-1,  A  Broader  View  of  Group 
Technology,  a  paper  by  employees  of  the  Boeing 
Commercial  Airplane  Company.  This  case  history  is 
significant  to  the  goals  of  this  study  because  it 

1 .  concerns  the  design  and  production  of  a  large,  highly 
complex  product, 

2.  the  product  is  assembled  from  a  large  quantity  of 
fabricated  and  purchased  parts,  and 

3.  the  product  is  produced  in  relatively  small  quantities 
when  compared  to  mainstream  industrial  manufacturing. 
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Although  this  case  history  describes  work  that  was  done 
in  the  late  seventies,  it  accurately  reflects  many  of  the 
benefits  and  liabilities  of  implementing  group  technology. 

Because  group  technology  is  at  the  heart  of  many 
productivity  innovations  occuring  throughout  industry 
today,  the  ways  in  which  it  is  used  are  continually  changing 
and  expanding.  Readers  wishing  to  keep  abreast  of  the 
latest  developments  in  group  technology  are  encouraged  to 
subscribe  to  the  publications  and  join  the  professional 
organizations  listed  in  Appendix  A  -  Resources. 


9 


Figure  2.5-1 

A  BROADER  VIEW  OF  GROUP  TECHNOLOGY 

By 

W.  D.  Beeby,  Director  -  Engineering  Computing  Systems 
A.  R.  Thompson,  Manager-  Classification  Systems 
Engineering  Division,  Boeing  Commercial  Airplane  Co. 

When  the  Boeing  Company  first  approached  the  concept  of  classification  and  coding  and  group 
technology,  our  analysis  of  benefits  was  based  on  the  traditional  concept  of  utilizing  family  groups  of 
piece  parts  to  foster  economy  in  design  and  production.  It  was  anticipated  that  benefits  would  be 
derived  from  a  library  of  drawings  which  would  group  the  piece  parts  into  families  by  their  similarities  so 
that  the  benefits  of  existing  engineering  could  be  derived  through  a  system  of  design  retrieval. 

On  the  production  side,  it  was  assumed  that  family  identification  would  permit  grouped  production. 
We  also  rightly  assumed  that  the  aforementioned  benefits  would  justify  the  creation  and  the 
maintenance  of  a  classification  and  coding  system. 

Subsequent  events  have  led  to  the  knowledge  that  our  initial  view  was  entirely  too  narrow. 

During  the  period  1974  to  1977,  we  did  develop  and  demonstrate  a  number  of  highly  beneficial 
uses  of  group  technology  concepts  which  follow  tradition.  Before  embarking  on  a  discussion  of  the 
expanded  applications  to  group  technology  now  underway  in  the  Boeing  Commercial  Airplane 
Company,  a  review  of  the  1974-1977  experience  is  appropriate. 

CLASSIFICATION  AND  CODING 

The  first  step  in  any  group  technology  system  must  be  the  classification  and  coding  of  the 
elements  of  production.  The  Boeing  classification  structure  is  based  on  the  E.  G.  Brisch  concept  of 
hierarchical  classification.  The  system  assumes  that  all  elements  of  the  Company  are  subject  to 
classification:  the  product,  the  means  of  production,  and  the  controls  overproduction. 


Figure  1.  The  Boeing  System  is  Based  on  the  E.  G.  Brisch  Concept  of 
Hierarchical  Classification 
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Figure  2.5-1 

To  date,  the  Boeing  system  contains  the  classes  which  are  shown  in  Figure  1.  Figure  1  also 
indicates  the  hierarchical  concept  of  classification  where  each  level  is  dependent  on  the  previous 
levels  and  which  allows  a  great  deal  of  information  to  be  stored  in  a  relatively  small  space. 

The  hierarchical  (monoCode)  concept  of  classification  has  been  adopted  for  all  Boeing 
classification  schemes. 

CLASSIFICATION  STRUCTURE 

The  five  character  code  which  is  used  for  all  classes  of  items  in  the  Boeing  coding  system  is 
particularly  adaptable  to  computer  applications. 

In  the  Boeing  concept,  a  characteristic  database  is  constructed  in  which  the  five  character  BUCCS 
code  represents  the  least  common  denominator  definition.  This  number  is  the  address  of  its  complete 
definition  as  common  denominator,  and  also  indexes  any  additional  characteristic  information  which 
might  be  required  for  a  using  function.  For  example,  the  code  BUCCS  12416  describes  a  90 
extruded  angle,  of  uniform  thickness,  made  from  7XXX  alloy. 

When  using  the  classification  system  as  a  means  to  store  and  retrieve  information,  a  design 
engineer  would  require  additional  information  for  a  code  different  from  the  information  required  by  a 
purchasing  agent  or  manufacturing  engineer.  The  supplemental  characteristics  required  by  each  user 
are  retained  in  the  database  in  such  away  that  the  user  receives  only  the  information  he  requires.  This 
concept  is  illustrated  in  Figure  2. 

Appendix  A  contains  a  current  listing  and  brief  description  of  each  of  the  classes  within  the  Boeing 
Uniform  Classification  and  Coding  System  (BUCCS).  Our  view  of  the  system  is  that  it  should  be 
flexible,  and  will  constantly  expand  as  operating  organizations  within  the  Company  identify  beneficial 
applications  of  classification  techniques. 

The  structure  of  the  classification  for  piece  parts  (BUCCS-3)  is  illustrated  in  Figure  3.  This  structure 
was  prescribed  by  unique  requirements  for  design  retrieval.  This  system  allows  the  subdivision  of  the 
total  piece  part  population  into  10,000  families  which  are  characterized  by  their  similarities.  The 
classification  for  raw  materials  (BUCCS- 1  )  is  subdivided  into  families  by  material  form  and  chemistry.  In 
the  Raw  Materials  Classification,  each  family  has  a  more  precise  level  of  similarity  than  in  the  Piece  Part 
Classification.  Figure  4  shows  the  BUCCS  Primary  breakdown  for  raw  materials. 

DESIGN  RETRIEVAL 

The  initial  thrust  of  the  Boeing  classification  and  coding  and  group  technology  activity  was  to 
develop  a  retrieval  system  for  piece  part  designs  for  the  purpose  of  avoiding  re-design.  The  piece  part 
system  (BUCCS-3)  was  implemented  in  May,  1976. 

The  ROI  analysis  of  the  system  demonstrated  the  2%  design  avoidance  would  pay  for  the  entire 
system.  In  those  organizations  where  the  system  has  been  fully  utilized  and  disciplined,  successful 
retrieval  has  been  much  higher  than  the  2%.  target.  However,  it  must  be  pointed  out  that  a  design 
retrieval  system  will  benefit  an  organization  only  if  the  management  and  technical  staffs  accept  the 
responsibility  of  using  the  system  diligently. 

In  a  very  large  organization,  such  as  Boeing  Commercial  Airplane  Company,  with  literally  thousands 
of  design  engineers  and  draftsmen  as  potential  users,  the  administration,  management,  and  control  of 
the  system  becomes  an  extremely  difficult  task.  Our  experience  has  led  us  to  the  recognition  that  in 
some  instances  design  retrieval  at  a  centrally  located  design  retrieval  center  may  not  be  beneficial.  As 
an  example,  in  the  highly  stylized  design  of  an  aircraft  wing  structure,  it  is  likely  that  design  engineers 
already  maintain  extensive  knowledge  of  design  experience  which  a  design  retrieval  system  could  not 
enhance.  So,  in  our  case,  we  have  determined  that  design  retrieval  for  the  primary  structure  of  aircraft 
wings  is  not  economical  compared  to  techniques  already  used. 
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CUSTOMER  SUPPORT 


•  Spares  management 
pricing 

•  Substitution 

•  Maintainability  analysis 


DESIGN  AND  TECHNOLOGY 

•  Avoid  duplication 

•  Make  comparisons 

•  Select  source 

•  Develop  specifications 

•  Define  tests 

•  Analyze  performance 

•  Comply  with  government 
regulations 

•  Standardize  design  practices 


PROCUREMENT 

•  Vendor  analysis 

•  Price 

•  Balance  inventory 


PRODUCTION 


ITEMS  CODED  BY  ESSENTIAL 
CHARACTERISTICS, e  g. 

SHAPE  (GEOMETRY) 

DIMENSION 

FUNCTION 

CHEMISTRY 

SPECIFICATION 

UNIT  OF  MEASURE 

USED  O  N 

ETC. 


•  Standardize  process  plans 

•  Use  existing  tools 

•  Group  orders 

•  Reduce  in-work  inventory 

•  Reduce  raw  materials 

•  Improve  schedule  flow 


MANAGEMENT  CONTROL 

•  Estimate 

•  Measure  performance 

•  Schedule 

•  Plan 


QUALITY  ASSURANCE 

•  Test  control  and  analysis 

•  Evaluate  vendors 

•  Analyze  failure 

•  Control  specifications 


FINANCE  AND  CONTRACTS 

•  cost 

•  Price 

•  Estimating 

•  Internal  performance 

•  Vendor  performance 


Figure  2.  The  Classification  Data  Base  Can  be  Used  to  Sort,  index,  Store  or  Retrieve 
Product  Information  According  to  the  Discrete  Needs  of  the  User 
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There  are,  nonetheless,  extremely  fruitful  opportunities  for  design  retrieval  which  we  are 
emphasizing.  For  example:  an  electrical/electronic  design  group  requested  that  a  limited  number  of 
designs,  particular  to  their  requirements,  be  extracted  from  the  nearly  200,000  piece  part  design 
library  This  specialized  “mini-file”  contains  the  preferred  designs  for  electrical  housings,  bracketry, 
and  similar  parts  appropriate  to  electrical  designs,  and  has  been  classified  to  specifically  satisfy  the 
needs  of  the  E/E  design  group.  In  this  instance,  as  many  as  95%.  of  the  piece  parts  required  for  a  new 
design  have  been  retrieved  from  the  system. 

On  a  selective  basis,  we  are  emphasizing  the  mini-file  concept  for  design  retrieval  and  do  not 
intend  to  enforce  universal  design  retrieval  without  taking  into  account  the  knowledge  and  availability 
of  existing  design  information  already  possessed  by  each  design  group. 

PRODUCIBILITY  TIP 

The  first  experience  of  the  Boeing  Company  in  integrating  design  and  production  requirements  in 
a  group  technology  sense  is  our  Producibility  Tip  concept. 

Manufacturing  engineers  have  traditionally  worked  with  design  groups  at  Boeing  to  advise  design 
engineers  concerning  the  producibility  of  a  proposed  design  while  it  is  in  the  definitive  stage.  Sound 
economic  and  production  management  principles  can  thus  be  incorporated  into  a  design  while  it  is 
being  developed.  This  is  a  highly  beneficial  procedure  and  continues  to  be  utilized  in  complex  and 
sophisticated  areas  such  as  primary  aircraft  structures,  in  which  the  use  of  exotic  materials  and  special 
forgings  is  frequent. 

The  BUCCS  Producibility  Tip  concept  extends  producibility  advice  to  all  piece  part  designs.  It  is 
based  on  the  theory  that  much  of  a  piece  part  design  represents  the  arbitrary  decisions  of  designers 
or  drafters.  After  the  basic  criteria  is  established  and  the  design  envelope  is  determined,  the  design 
requirements  can  be  specified  as  a  set  of  dimensional  relationships.  The  balance  of  the  design,  even 
for  the  simplest  of  parts,  is  often  a  result  of  habit/personal  preference  or  a  choice  made  from  a  series  of 
options  (any  one  of  which  is  acceptable).  As  a  result,  a  number  of  parts  which  are  otherwise  exactly 
equal  might  vary  by  such  non-critical  differences  as  the  bend  radius  of  an  angle,  or  type  of  corner 
relief. 

To  date,  there  are  approximately  100  Producibility  Tips  covering  every  form  of  piece  part  in  the 
BUCCS-3  Design  Retrieval  System.  Atypical  "tip”  is  illustrated  in  Figure  5. 

When  an  engineer  or  drafter  visits  a  design  retrieval  station,  each  is  provided  with  producibility  tip 
information  covering  the  specific  design  being  analyzed.  The  designer  is  encouraged  to  use  a 
Producibility  Tip  as  throw-away  information,  to  be  used  only  for  the  specific  application  at  hand.  Each 
time  a  design  retrieval  station  is  visited,  the  appropriate  producibility  tip  information  is  provided. 

A  study  of  design  change  notices  in  a  Boeing  manufacturing  plant  disclosed  that  a  significant 
number  of  changes  would  have  been  avoided  had  the  producibility  tips  been  used. 

The  long  range  plan  for  the  Company  is  to  benefit  from  productivity  improvements  by  incorporating 
preferred  design  criteria  into  the  decision  logic  of  generative  design  systems,  which  are  briefly 
described  in  the  following  pages. 

ORDER  GROUPING 

When  piece  parts  are  identified  by  shapes  into  families  of  similar  parts,  one  of  the  most  obvious 
benefits  from  such  information  is  the  grouping  of  like  articles  for  production.  In  the  traditional  sense  of 
creating  processing  cells  that  include  a  variety  of  machine  tools  which  together  allow  for  efficient 
production  of  similar  parts,  in  small  lot  quantities,  it  is  necessary  to  establish  characteristic  information 
in  greater  depth  than  is  provided  by  the  BUCCS-3  five-character  piece  part  code.  However,  looking  at 
common  characteristics  of  families  of  parts  for  application  to  a  single  machine  tool  is  another  matter. 
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SHOULDER  BUSHING— 8UCCS  CODES  310XX  THROUGH  312XX 

PRODUCIBILITY  TIP  SHEET 
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Figure  5.  This  Producibility  Tip  Shows  the  Designer  or  Draftsman  the  Preferred 
Method  of  Design  From  the  Standpoint  of  Economics 


BEFORE 

•  Each  turned  part  is  separately  planned 

•  Machines  are  set  up  for  each  part  order 

•  Same  type  parts  made  at  up  to  three  facilities 


AFTER 

•  Divide  all  turned  parts  into  'composite*  groupings 

•  Select  best  facility  for  each  type  of  part 

•  Standardize  routing,  processing,  and  machine 
assignment 
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Figure  6.  Grouping  Turned  Parts 
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Figure  7.  Over  10%  of  AH  Structural  Airframe  Parts  are  Made  from  Formed  and 
Extruded  Cross  Sections  That  Lend  Themselves  to  Numerical  Control 
Machining 


Figure  8.  A  Very  Broad  Variety  of  Parts  Can  Be  Made  From  Extruded  or  Rolled 
Stock  in  Long  Lengths 

Figure  2.5-1 
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At  Boeing,  we  determined  that  an  analysis  of  our  turned  parts  and  the  construction  of  composite 
configurations,  as  shown  in  Figure  6,  allowed  dedicating  both  specific  conventional  and  numerical 
control  lathes  for  the  turning  of  a  wide  variety  of  part  families.  The  allocation  of  work  loads  in  a 
machining  area  of  approximately  50  machines,  based  on  shape  characteristics,  proved  that  significant 
reduction  in  prior  production  costs  could  be  achieved. 

Looking  more  to  piece  parts  which  are  specifically  designed  for  aircraft  structure  led  to  similar  order 
groupings.  However,  an  even  greater  benefit  from  our  knowledge  of  part  families  has  been  derived 
from  the  capability  of  the  characteristic  code  to  identify  families  of  parts  best  suited  for  manufacturing 
on  specific  equipment. 

EQUIPMENT  LOADING 

The  basic  airframe  piece  part  classification  demonstrates  that  a  large  variety  of  parts  are  designed 
and  manufactured  from  formed  and  extruded  cross  sections.  The  Sunstrand  “Partsmaker”  is  a  highly 
efficient  machine  tool  for  the  fabrication  of  this  type  of  part.  Figure  7  shows  the  categories  of  parts 
which  would  potentially  be  fabricated  on  this  type  of  equipment.  The  problem  in  the  manufacturing 
and  industrial  engineering  communities  is  to  assure  that  all  parts  configured  from  extruded  cross 
sections  of  the  type  indicated  in  Fig.  7  are  designed  in  such  away  as  to  lend  themselves  to  fabrication 
by  numerical  control,  so  that  a  Partsmaker,  which  operates  on  the  bar  feeding  principle,  can  be  utilized 
to  the  maximum  degree.  Figure  8  illustrates  the  broad  range  of  part  configurations  which  are  suitable 
for  Partsmakerfabrication. 

An  optimum  load  for  this  type  of  equipment  was  readily  obtained  by  analyzing  the  BUCCS-3  piece 
part  drawing  file  and  changing  the  processing  on  all  applicable  part  configurations  to  NC  processing. 
Through  this  procedure,  the  Company  not  only  obtained  optimum  processing  for  a  large  number  of 
part  families,  but  also  determined  the  optimum  requirements  for  Partsmaker  type  equipment. 

Another  example  of  equipment  loading  includes  the  selection  of  optimum  forming  equipment, 
depending  on  shape  characteristics  of  the  part  to  be  formed.  For  example,  a  particular  part  might  be 
formed  on  a  drop  hammer,  hydraulic  press,  bag  press  or  by  the  electro-form  process.  In  nearly  every 
instance,  one  process  is  preferred  over  the  others.  Using  the  characteristics  defined  in  the 
classification  system,  industrial  engineers  and  process  planners  are  able  to  determine  optimum 
processing  solutions. 

Aircraft  propulsion  and  passenger  accommodations  systems  require  a  large  amount  of  pneumatic 
ducting,  all  of  which  is  configured  to  fit  precise  space  and  air  flow  volume  criteria.  Because  of  the 
unusual  shapes,  the  ducts  were  typically  formed  over  plastic  mandrels  from  impregnated  fiberglass 
cloth.  This  is  an  expensive  process  since  each  fiberglass  duct  is  formed  over  a  mandrel  which  is 
destroyed  in  the  process  and  cannot  be  reused.  A  more  recent  process  called  “Rotomold”  achieves 
the  same  process  by  rotating  resins  in  an  exterior  mold  which  is  reuseable  after  forming.  The 
“Rotomold”  process  has  the  significant  advantages  of  less  labor  in  processing  and  reduced  raw 
material  costs  as  shown  in  Figure  1 0.  After  design  engineers  determined  that  polycarbonate  materials 
were  structurally  and  chemically  equal,  or  superior,  to  fiberglass  for  these  applications,  decisions  were 
made  to  use  the  new  process  where  economically  feasible.  The  classification  system  provides  a  ready 
library  of  existing  designs.  Each  candidate  part  could  be  analyzed  from  the  standpoint  of  production 
requirements,  and  re-engineered  so  the  more  economical  process  could  proceed  without  delay. 

EQUIPMENT  DESIGN 

The  Boeing  Company  has  used  the  classification  system  to  provide  data  to  validate  the  design  of 
new  equipment  for  improved  productivity.  This  activity  has  ranged  from  the  development  of  a  multiple 
stage  die,  which  produces  a  wide  variety  of  simple  piece  parts,  as  shown  in  Figure  1 1 ,  to  the  analysis 
of  the  entire  population  of  aircraft  sheet  metal  parts  as  an  aid  in  the  design  of  an  automated  sheet 
metal  process  center,  as  suggested  in  Figure  12. 
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Figure  12.  An  Analysis  of  the  Shape  Characteristics,  Dimensions,  and  Frequency 
of  Occurrence,  Using  the  BUCCS-1  Raw  Material  and  BUCCS-3  Piece 
Part  Classifications,  Was  Used  in  Developing  the  Specifications  for  and 
Automated  Sheet  Metal  Fabrication  Center 


An  important  function  of  a  classification  system  is  that  it  provides  the  bSSiS  for  d.  COmplet©  analysis 

of  a  piece  parts  population  so  that  any  engineering  or  manufacturing  decision  can  be  made  on  prior 
knowledge  of  the  product. 

The  foregoing  discussion  describes  the  extent  to  which  Boeing’s  Classification  and  Coding  and 
Group  Technology  efforts  progressed  prior  to  integration  of  classification  concepts  into  the  explosive 
applications  of  computer  aided  design  and  manufacturing  in  the  period  since  1975. 

“GENERATIVE”  COMPUTER  AIDED  DESIGN  AND  MANUFACTURING 

The  application  of  classification  and  coding  techniques  in  Computer  Aided,  Design  and 
Manufacturing  at  Boeing  came  about  with  the  realization  that: 

1 .  Hierarchical  classification  structures  could  be  defined  in  decision  tree  logic. 

2.  A  unique  path  through  a  decision  tree  could  be  represented  as  a  specific  code  character. 

3.  Acombination  of  unique  decision  tree  paths  could  identify  a  specific  engineering  or 

manufacturing  decision. 

4.  Characteristic  codes  could  be  used  as  a  shorthand  to  define  acombination  of  paths  which  lead 
to  a  prescribed  optimum  design  or  manufacturing  decision. 
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Figure  2.5-1 


This  concept  was  initially  proposed  to  the  Boeing  Company  by  Professor  Dell  K.  Allen  and  Mr. 
Ronald  P.  Millett  of  Brigham  Young  University  who  worked  with  the  Company  to  demonstrate  the 
applications  of  the  foregoing  concepts  in  a  demonstration  of  generative  process  planning. 

GENERATIVE  PROCESS  PLANNING 

The  purpose  of  the  generative  planning  system  model  is  to  demonstrate  that  uniform 
manufacturing  process  plans  could  be  generated  directly  from  engineering  design  information.  Sheet 
metal  piece  parts  were  selected  for  the  demonstration.  This  type  of  part  comprises  about  75%  of  the 
total  designed  piece  part  count  in  airframe  manufacture.  The  fabrication  processes  are  of  moderate 
complexity,  averaging  about  12-16  operations  per  part  type. 

A.  GROUND  RULES 

The  basic  ground  rules  adopted  for  this  system  demonstration  include  the  following: 

1 .  Process  plans  must  be  generated  from  objective  data. 

2.  All  required  information  should  be  commonly  associated  with  an  engineering  drawing. 

3.  Generated  process  plans  must  be  uniform  and  consistent  for  each  similar  part/material  group. 

4.  The  system  is  targeted  for  approximately  80%  effectiveness.  This  decision  is  based  on  the 
conclusion  that  attempting  to  generate  process  plans  for  rare,  one-of-a-kind  configurations 
would  not  be  cost  effective. 

B.  SYSTEM  DESCRIPTION 

The  system  concept  involves  the  interrelations  of  several  logjc  elements  and  a  text  file  within  a 
software  package  to  form  a  truly  unique  generative  planning  system.  The  total  system  consists  of: 

1 .  Classification  logic  for  part  shape  (BUCCS-3)  and  raw  material  (BUCCS-1 ); 

2.  Process  parameters  such  as  tolerance  and  finish; 

3.  Manufacturing  decision  logic  that  relates  drawing  derived  shape,  material  and  special 
characteristics  to  manufacturing  equipment  and  process  capabilities; 

4.  An  operations  narrative  file  which  describes  each  potential  manufacturing  operation  that  the 
factory  can  perform  with  the  available  manufacturing  equipment  and  processes; 

5.  Sequencing  decision  logic  which  arranges  the  selected  operations  in  the  proper  order; 

6.  A  plan  preparation  segment  to  output  a  process  plan  in  the  desired  format. 


Figure  13.  This  Concept  for  a  Generative  Process  Planning  System  Covers 
Sheet  Meta I  Airframe  Parts 
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The  logic  elements  and  text  file  are  interrelated  through  computer  sensible  internal  codes  that 
identify  these  interrelationships.  The  key  portions  of  the  system  are  illustrated  in  Figure  13,  and  are 
more  fully  defined  below. 

1.  CLASSIFICATION  LOGIC  ELEMENTS 

The  classification  logic  consists  of  two  basic  elements:  shape  and  material.  The  information 
contained  in  each  element  is  derived  from  the  engineering  drawing  and  requires  no  individual 
interpretation.  The  drawing  characteristics  for  each  element  are  identified  and  captured  in  a  code.  This 
code  can  be  used  to  either  retrieve  information  related  to  that  element,  or  as  the  logic  input  for  making 
manufacturing  process  selections.  Because  these  codes  are  internal  to  the  computer,  the  system 
user  need  only  identify  the  element  characteristics  and  not  the  code.  Under  this  concept  the 
generated  codes  and  certain  additional  objective  engineering  data  automatically  supply  answers  to 
the  manufacturing  decision  logic  element. 

2.  SPECIAL  PARAMETRIC  ELEMENTS 

This  portion  of  the  logic  deals  with  product  characteristics  that  are  not  normally  attributes  of  shape 
or  raw  material,  but  do  form  a  part  of  the  design  process  decision  logic.  These  elements  are  inherent 
characteristics  of  the  design  for  a  part,  and  include  such  typical  items  as  finish  and  tolerance.  They  also 
include  characteristics  that  are  associated  with  the  product,  such  as  ‘appearance”  for  commercial 
aircraft  passenger  accommodations.  These  special  parameters  can  vary  to  a  greater  degree  than  the 
more  static  shape  and  material  characteristics.  However,  they  are  nonetheless  objective  in  nature,  and 
are  required  to  generate  optimal  manufacturing  process  decisions. 

3.  MANUFACTURING  DECISION  LOGIC  ELEMENTS 

The  manufacturing  decision  logic  element  contains  the  identification  and  relationship  of  design 
information  to  correctly  identify  optimum  processes  within  the  factory.  The  system  is  limited  in 
application  only  by  the  manufacturing  processes  that  it  considers.  The  manufacturing  decision  logic 
begins  with  the  most  general  characteristics  and  proceeds  to  the  more  specific  until  the  type  of  shop 
(sheet  metal,  machine  shop,  gear  line,  etc.)  can  be  identified.  Those  independent,  primary  operations 
(i.e.,  forming  and  machining),  that  dictate  other  operations  are  next  identified  from  the  design 
characteristics.  Upon  the  identification  of  additional  characteristics,  the  next  level  of  operations  can  be 
identified  (i.e.,  deburring,  decreasing,  part  marking).  This  process  continues  until  all  operations 
required  to  manufacture  a  part  with  a  specific  mix  of  capital  equipment  and  labor  skills  (i.e.,  factory)  are 
identified. 

4.  OPERATIONS  NARRATIVE  FILE 

The  Operations  Narrative  File  is  comprised  of  detailed  verbal  statements  that  describe  the 
manufacturing  process  being  performed  on  the  raw  material.  Within  certain  statements,  blank  spaces 
have  been  provided  for  the  user  to  add  specific  data,  such  as  dimension,  specific  number  of  holes, 
etc.  Each  of  the  narrative  statements  are  indexed  by  an  operation  code.  This  operation  code  is  used 
by  the  sequencing  logic  element  to  place  the  operations  on  the  generated  process  plan  in  the  proper 
order. 

5.  SEQUENCING  LOGIC 

The  sequencing  routine  utilizes  the  operation  code  to  resequence  the  operations  into  the  proper 
order  through  a  ‘‘truth  table”.  The  concept  of  “truth  table”  logic  is  illustrated  in  Figure  14. 

6.  PLAN  PREPARATION 

The  final  element  of  the  generative  planning  system  is  the  preparation  of  a  properly  sequenced 
listing  of  operations  for  manufacturing  an  article  having  a  defined  combination  of  shape,  material,  and 
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special  parameters,  interrelated  with  the  manufacturing  processes  available. 

As  each  selected  operation  is  listed  in  its  proper  order,  the  system  requests  the  input  of  discrete 
dimensional  data  (hole  location,  hole  diameter,  length  of  feature,  etc.)  which  uniquely  identifies  the 
process  plan  to  the  piece  part  it  covers.  The  output  is  in  the  prescribed  format  of  the  organization 
which  will  perform  the  work. 
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Figure  14.  The  Operation  Sequencing  Table  Determines  the  Appropriate  Relationship 
Between  the  Current,  the  Preceding,  and  the  Succeeding  Operation  from 
One  of  Seven  Choices  as  Shown  in  the  Table 
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GENERATIVE  DESIGN 


The  generative  concept  defined  in  the  above  paragraphs  underlies  all  of  the  applications  for 
classfication  and  coding  theory  within  the  Boeing  Company. 

It  is  universally  accepted  that  classification  benefits  are  potentially  greatest  when  they  are 
implemented  in  the  design  process.  Only  in  this  manner  can  the  advantages  from  a  classification 
system  cover  the  whole  business  spectrum. 

The  Computer  Aided  Design  Retrieval  -  Extrusions  (CADRE)  system  currently  under  development 
at  Boeing  is  intended  to  demonstrate  the  potential  value  of  utilizing  generative  techniques  for  design. 
This  concept  is  illustrated  in  Figure  15. 

The  logic  upon  which  this  system  is  based  is  similar  to  Generative  Process  Planning  except  that 
specific  geometry  for  a  design  requirement  is  utilized. 

A.  SYSTEM  DESCRIPTION 

This  system  concept  deals  with  the  interrelationships  between  geometry,  material,  and  analysis  to 
produce  a  finished  piece  art  definition.  It  includes: 

1.  Classification  logic  for  part  shape  (BUCCS-3)  and  raw  material  (BUCCS-1). 

2.  Geometry  interface  routines  which  allow  shape  characteristic  data  to  be  refined  into  specific 
geometry. 

3.  Interface  with  engineering  analysis  routines  to  calculate  part  mass  properties  and  loads. 

4.  Drawing  decision  logic  covering  drawing  notes  and  annotations. 

5.  Interface  with  graphics  systems  to  produce  finished  drawing  data. 

The  logic  elements  are  interrelated  in  the  same  manner  as  used  for  Generative  Process  Planning. 
The  system  will  utilize  a  graphics  terminal  in  which  the  user  will  communicate  interactively  with  all 
elements  of  the  system. 


COMPUTER  AIDEO  DESIGN  EXTRUSIONS  (CAOREl 


DESIGN  _  TUTORIAL  -  DATA  BASE  _  EXTRUSION_  ENGINEERING  finished 
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Figure  15.  This  System  Used  Classification  and  Decision  Tree  Logic  to  Identify 
and  Extract  the  Preferred  Solution  to  a  Design  Problem 
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Figure  2.5-1 


B.  SYSTEM  OPERATION 

The  elements  of  the  CADRE  system  and  their  interrelationships  are  shown  in  Fgure  16. 

When  a  design  requirement  has  been  established,  the  engineer  will  interrogate  the  system  to 
derive  a  range  of  possible  extruded  cross  section  solutions  to  the  design  requirement.  The  choices 
will  be  extracted  from  a  database  containing  shape  and  material  definitions  from  a  library  of  all  available 
extrusion  standard  designs. 

From  the  list  of  choices,  the  engineer  will  apply  a  set  of  best-fit  routines  including  the  application  of 
section  properties  analyses. 

These  data  will  be  optimized  to  create  an  interactive  computer  graphics  data  set  for  the  prescribed 
cross  section.  The  design  will  then  be  manipulated  to  complete  the  longitudinal  geometry  for  the  part 
from  additional  stored  shape  routines. 

Decision  logic  for  assigning  engineering  notes  and  references  will  be  applied.  Engineering 
analysis  routines  will  calculate  mass  properties  and  loads. 

The  result  of  the  foregoing  logic  interrelationships  will  be  a  complete  drawing  dataset. 

Conjoining  a  generative  drawing  with  a  generative  process  planning  system  can  result  in  the 
automation  of  the  total  production  function. 

Other  generative  design  concepts  for  which  research  is  being  conducted  include  electrical  circuit 
design  and  hydraulic  tubing  system  design. 


COMPUTER  AIDEO  DESIGN  RETRIEvAL-EXTRUSIONS 


b«i  til  tundard  format 


Figure  16.  The  Concept  for  Generative  Design  Follows  the  Same  Basic  Logic 
as  Generative  Process  Planning 
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SOFTWARE  CLASSIFICATION  SYSTEM 


SELECTION  OF  BEST 
PROGRAM  FOR  THE 
DEFINED  TASK 


TUTORIAL 

RETRIEVAL 


SOFTWARE  MAJOR 
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•  Mass  properties 

•  Stress  analysis 

•  Mathematics  program 

•  Dynamic  circuit  analysis 

•  Plot  program 


PROGRESSIVE 

TUTORIAL 

SELECTION 


Figure  17.  This  System  Permits  a  Programmer  to  Quickly  Retrieve  Information 
Covering  Existing  Software  Modules 


SOFTWARE  CLASSIFICATION 

Classification  techniques  have  also  been  successfully  used  to  store  and  retrieve  computing 
software. 

The  demonstration  project  is  for  the  retrieval  of  frequently  used  mathematical  programs.  The 
procedure  utilizes  decision  tree  logic  and  tutorial  retrieval. 

in  this  concept,  which  is  illustrated  in  Figure  17,  the  user  selects,  from  a  menu,  the  type  of  software 
he  wishes  to  retrieve  and  from  the  basic  inquiry  he  is  led  by  a  logic  path  to  the  optimum  solution  for  the 
problem  at  hand. 

In  this  system,  the  user  is  provided  with  a  current  abstract  for  each  mathematical  routine  together 
with  information  concerning  the  appropriate  computer  documentation,  etc. 

Like  all  of  the  retrieval  systems  being  developed  at  Boeing,  this  system  uses  a  “keyword”  concept 
which  leads  directly  to  the  terminal  node,  or  interim  node,  of  a  decision  tree.  When  the  user  is 
acquainted  with  key  characteristics  of  the  item  he  is  searching,  the  keyword  greatly  shortens  the 
search  time  by  by-passing  many  stored  logic  elements. 


Figure  2.5-1 
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Figure  2.5-1 


CONCLUSION 

All  systems  described  above  are  based  on  the  group  technology  principle  that  classifying  items  by 
their  similarities  opens  the  way  for  efficiently  handling  design  and  production  processes  in  a  uniform, 
consistent  manner.  This  concept  becomes  abundantly  clear  when  advanced  computing  techniques 
are  employed. 

it  is  practical  and  economical  for  perhaps  the  first  time  to  manage  complex  product  design  and 
manufacturing  in  a  way  that  assures  optimum  consistent  solutions  to  all  production  requirements.  The 
potential  benefits  from  using  these  techniques  afford  one  of  the  greatest  productivity  improvement 
opportunities  for  industry  in  the  foreseeable  future. 

-A  cautionary  note  is  in  order  The  cost  of  implementing  systems  of  the  type  described  above  is  not 
in  the  computing  software.  By  far  the  greater  cost  is  associated  with  the  development  of  the 
classification  and  decision  logic  which  uniquely  describes  each  company’s  product  and  processes.  No 
major  benefits  can  be  realized  from  these  techniques  without  the  dedication  of  significant  resources 
to  evaluate  the  current  method  of  operation,  determine  optimum  or  preferred  solutions,  and  construct 
logical,  hierarchical  statements  of  those  decisions. 

These  concepts  cannot  replace  the  intuitive  judgment  of  senior  managers,  designers  and 
technicians.  They  can  capture  the  best  available  solution  to  recurring  problems,  and  assure  that  each 
will  be  resolved  in  the  same,  preferred  manner  as  it  occurs. 
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Figure  2.5-1 


APPENDIX  A 

BOEING  COMPANY  TAXONOMY  CLASSES 
CLASS  DESCRIPTION 

BUCCS-1  Raw  Materials  used  to  produce  tooling  and  product. 

BUCCS-2  Purchased  Items  (Commodities)  used  in  the  product,  designed  by  others. 

BUCCS-3  Piece  Parts  designed  by  Boeing. 

BUCCS-4  Assembled  Parts  and  Commodities. 

BUCCS-5  Fabrication  and  Assembly  Tools 
BUCCS-6  Capital  Equipment 

BUCCS-7  Non-Production  Items,  including  shop  supplies  and  spares. 

BUCCS-9  Computer  Software. 

In  addition  to  the  above,  special  purpose  classifications  can  be  developed,  of  which  the  two  below 
are  examples: 

BUCCS-C  Non-Metallics  Classification  for  FAA  certified  materials. 

BUCCS-T  Time  Standards  to  support  production  and  maintenance  management  functions. 


27 


28 


SECTION  3 

Product  Work  Classification  and  Coding 


Section  Three  traces  the  development  presents  the 
configuration,  and  explains  the  function  of  the  classiffication 
and  coding  system  in  a  manual  and  computer  aided  manner. 

SECTION  CONTENTS 

3.1  Introduction 

3.2  Development 

3.2.1  Approach 

3.2.2  scope 

3.3  The  Application 

3.3.1  Selection  and  Structuring  of  Attributes 

3.3.2  Selection  of  Code  Format  and  Characters 

3.3.3  PWBS  Classification  and  Coding  Book 

3.4  Manual  Classification  and  Coding 

3.5  Computer-Aided  Classification  and  Coding 

3.6  Using  the  System  -  An  Example 

3.7  Conclusions 


3.1  INTRODUCTION 

This  study  was  given  the  task  of  exploring  group 
technology  with  the  intent  of  developing  an  application  of 
classification  and  coding  for  the  shipbuilding  industry. 
This  section  of  the  manual  will 

•  Trace  the  development  of  the  application  in  terms  of 
the  approach  that  was  used,  the  scope  that  was 
defined  and  the  requirements  that  it  had  to  meet 

•  Define  the  logic  that  led  to  the  selection  of  attributes 
and  code  formate,  and  present  the  classification  and 
coding  system  in  the  form  of  a  code  book, 

•  Discuss  manual  and  computer-aided  classification  and 
coding,  and 

•  Present  art  example  of  product  work  classification 
and  coding  and  interim  product  sorting. 

3.2  DEVELOPMENT 

This  study  began  as  a  very  “open  minded”  endeavor.  Its 
goals  were  to  develop  an  application  of  classification  and 
coding  that 

•  met  the  technological  needs  of  the  shipbuilding 
industry,  circa  1983,  and 

•  took  the  greatest  advantage  of  the  state  of  group 
technology  utilization  available  in  the  same  time 
period. 


3.2.1  Approach 

To  meet  these  goals,  a  two  part  approach  was  used. 

First  a  survey  was  mailed  to  domestic  shipyards.  This 
survey  was  structured  to  determine 

1.  The  level  of  importance  each  yard  assigned  to  the 
utilization  of  group  technology  in  shipbuilding, 

2.  The  areas  of  need  which  they  felt  this.study  should 
address,  and 

3.  Any  resources  or  experience  from  which  this  study 
could  benefit 

Second  an  effort  was  begun  to  define  the  current  state  of 
group  technology  utilization.  This  was  done  to  insure  that 
this  study  took  advantage  of  all  potential  resources  and  did 
not  duplicate  any  existing  work.  This  effort  involved 

1.  Sending  the  above  mentioned  shipyard  survey  to 
various  universities,  institutions  and  individuals 
known  to  be  involved  in  either  group  technology  or 
shipbuilding, 

2.  Visiting  companies  known  to  have  had  success 
implementing  group  technology,  and 

3.  Attending  seminars  presented  by  various  professional 
organizations  concerning  group  technology. 

The  respondents  to  the  shipyard  survey  provided  valuable 
insights  into  the  needs  of  the  shipbuilding  industry.  A 
summary  of  the  most  common  responses  revealed 
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1.  The  shipbuilding  industry  was  very  interested  in 

expanding  its  utilization  of  group  technology. 
Seventy  percent  of  the  major  new  construction 
shipyards  that  responded  assigned  either  critical  or 
major  importance  to  the  goals  of  the  study. 

2.  Many  shipbuilders  felt  this  study  would  be  valuable 

if  it  developed  a  classification  and  coding  system 
that  addressed  the  interim  products  that  result  from  a 
“Product  Work  Breakdown  Structure”  or  “zone 
oriented”  approach  to  shipbuilding. 

3.  Many  shipbuilders  were  interested  in  a  computer 

based  classification  and  coding  system  that  could 
eventually  be  integrated  with  CAD/CAM,  CAPP 
(Computer-Aided  Process  Planning),  and  CIM 
(Computer  Integrated  Manufacturing). 

4.  Several  respondents  expressed  concern  that  results  of 

this  study  be  compatible  with  existing  production 
management  methods.  Of  particular  concern  were 
customer  mandated  methods  such  as  SWBS  (Ship 
Work  Breakdown  System)  and  existing  methods  that 
involved  electronic  hardware  in  which  rhey  had 
substantial  capitol  invested 

5.  Several  respondents  stressed  that  the  classification 

and  coding  system  must  serve  many  shipyards 
which,  when  combined,  had  a  broad  product  mix, 
e.g.  Naval,  commercial  nuclear,  non-nuclear, 
combatant  and  auxiliary. 

6.  Several  respondents  stressed  that  the  successful 

implementation  of  any  application  would  be 
partially  dependent  on  its  ease  of  use. 

Many  good  ideas  and  helpful  suggestions  were  received 
in  the  shipyard  survey.  Unfortunately,  all  of  them  could 
not  be  incorporated  into  the  scope  of  this  project  From 
this  survey,  the  project  derived  the  following  direction  for 
its  study. 

1.  It  would  pursue  the  development  of  a  classiification 

and  coding  system  that  addressed  ship  fabrication  and 
assembly  work  as  defined  in  the  National 
Shipbuilding  Research  Program  Publication, 

“Product  Work  Breakdown  Structure”.  Because 
many  shipyards  were  currently  implementing  the 
methods  defined  in  this  book  the  study  felt  this 
direction  would  best  complement  the  work  and 
r  systems  that  were  either  already  in  place  or  being 
developed. 

2.  It  would  attempt  to  develop  both  a  manual  and  a 

computer-aided  classification  and  coding  system. 

3.  It  would  attempt  to  develop  a  classification  and 

coding  system  that  would  be  easy  to  use. 


4.  During  the  development  of  the  classification  and 
coding  “system  the  study  would  try  to  anticipate 
future  uses  and  configure  it  with  them  in  mind. 

The  effort  to  define  the  current  state  of  group  technology 
utilization  revealed  many  things  that  had  a  bearing  on  the 
direction  of  this  study.  Among  them  were  several  possible 
directions  which  the  study  considered  but  did  not  pursue. 
A  summary  of  these  is  provided  below. 

1 .  A  purchased  pares  catalog  organized  in  accordance 

with  group  technology  concepts  was  not  considered 
appropriate  because  many  either  existed  or  were 
being  developed  by  individual  shipyards.  Since  part 
catalogs  are  highly  dependent  on  product  mix,  i.e., 
the  type  of  ships  built  it  was  concluded  that  the 
independent  shipyard  was  indeed  the  best  place  for 
this  development  to  occur  and  not  a  viable  end 
product  of  this  study. 

2.  Pipe  price,  sheet  metal  piece  and  machined  part 

fabrication  operations  were  considered  to  be  very 
strong  candidates  for  organization  by  group 
technology  concepts.  Further  investigation 
revealed  however,  that  group  technology 
classification  and  coding  systems  for  these  operations 
were  currently  available  from  a  small  variety  of 
vendors.  (See  Resources,  Appendix\A).  Indeed 
virtually  all  of  the  systems  in  use  by  other  industries 
were  the  standard  product  or  hybrid  products  of  these 
vendors.  It  was  decided  that  to  include  these 
applications  in  the  manual  would  be  to  duplicate  a 
product  that  was  already  available  to  the  shipbuilding 
industry. 

The  rejection  of  these  group  technology  applications 
does  not  imply  a  lack  of  significance  or  value,  only  that 
they  were  not  considered  suitable  topics  for  this  manual. 

The  effort  to  define  the  current  state  of  group  technology 
utilization  also  produced  many  findings  which  put  the  goals 
of  the  study  in  perspective  with  what  had  been  done  in  other 
industries.  A  summary  of  these  findings  is  given  below. 

1.  The  majority  of  work  that  had  been  done  concerned 

classification  and  coding  of  parts,  particularly 
machined  parts,  to  support  part  fabrication 
operations.  Virtually  no  work  had  been  done  to 
classify  or  code  part  assembly  operations.  It 
became  apparent  that  in  its  effort  to  develop  an 
application  of  classification  and  coding  for  assembly 
work  this  study  was,  to  a  large  degree,  plowing 
new  ground. 

2.  The  utilization  of  computers  in  classification  and 

coding  was  suficiently  advanced  to  enable  the  study 
to  pursue  its  goals  in  this  area.  The  small  number 
of  vendors  however,  might  hamper  the  studies  desire 
to  develop  an  application  that  would  be  compatible 
with  a  variety  of  hardware  types. 
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3.2.2  scope 

The  results  of  this  two-part  approach  were  reported  to  the 
SP-4  Panel.  A  specification  was  then  prepared  to  define 
the  scope  of  the  classification  and  coding  system  and  the 
contents  of  a  manual  that  would  present  it  to  the 
shipbuilding  community.  This  specification,  in  part,  stated 

1 .  The  manual  shall  describe  a  classification  and  coding 

system  that  addresses: 

A.  Hull  block  construction  (to  include  piece  part 
fabrication  and  assembly). 

B.  Zone  outfitting. 

C.  Zone  painting. 

2.  The  classification  and  ceding  system  shall  be  usable 

in  a  computer-aided  manner  and  if  possible  serve  as 
a  foundation  for  a  computer-aided  process  planning 
system  to  be  developed  by  a  separate  project 

3.  The  manual  shall  incorporate  an  example,  utilizing 

an  existing  ship,  to  demonstrate  the  use  of  the 
classification  and  coding  system.  The  example 
shall  be  evaluated  to  determine  the  advantages  and 
disadvantages  of  the  system. 

4.  The  manual  shall  provide  a  discussion  of  other 

aspects  of  shipbuilding  indirectly  affected  by  the  use 
of  the  classification  and  coding  system. 

3.3  THE  APPLICATION 

Once  the  scope  of  the  project  was  clearly  defined,  work 
began  that  would  lead  to  the  development  of  the 
classification  and  coding  system.  To  ensure  that  the 
system  met  the  needs  dictated  by  the  specification,  five  (5) 
requirements  were  defined. 

1.  It  must  sort  interim  products  which  occur  during  hull 
construction,  zone  outfitting  and  zone  painting  into  the 
groups  established  by  Product  Work  Breakdown  Structure 
(PWBS) 

2.  It  must  identify  PWBS  groups  with  a  code  string  in 

a  simple,  efficient  manner. 

3.  It  must  be  concise  and  not  permit  ambiguity  in 

group  or  code  assignment. 

4.  It  must  minimize  the  potential  for  coding  errors. 

5.  It  must  anticipate  and  capture  the  product  data  needed 

to  drive  a  computer  aided  process  planning  systerm 

The  development  of  the  classification  and  coding  system 
involved  two  (2)  primary  areas  of  work. 


1.  Selection  and  structuring  of  attributes. 

2.  Selection  of  code  format  and  characters. 


PWBS  sorts  interim  products  into  groups  according  to 
attributes  which  reflect  similarities  in  production  problems. 

Ideally,  these  groups  contain  interim  products  which  require 
similar  labor  skills,  labor  quantities,  tools,  facilities  and 
materials.  To  meet  these  criteria  and  the  requirements 
defined  in  the  previous  section,  two  kinds  of  attributes  were 
needed. 

1.  Attributes  for  interim  product  description,  and 

2.  Attributes  for  interim  product  control. 

Attributes  for  interim  product  description  capture 
information  that  enable  interim  products  to  be  sorted 
according  to  production  problems  that  are  related  to  physical 
characteristics.  Listed  below  are  several  examples  of 
attributes  which  could  be  used  for  interim  product 
description. 

•  size 

•  Shape 

•  Weight 

•  Configuration 

•  Position 

•  Location 

•  Skill  requirements 

•  Labor  type 

•  Labor  quantity 

•  Material  type 

•  Material  quantity 

Attributes  for  interim  product  control  capture 
information  that  enable  interim  products  to  be  sorted 
according  to  their  position  in  the  overall  manufacturing 
sequence  of  the  ship  or  their  position  in  any  portion  of  the 
manufacturing  sequence  of  the  ship.  Listed  below  are 
examples  of  attributes  which  could  be  used  for  interim 
product  control. 

•  Procurement  characteristics 

•  Fabrication  characteristics 

•  Assembly  characteristics 

•  Erection  characteristics 

•  Test  characteristics 


3.3.1  Selection  and  Structuring  of  Attributes 
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Product  Work  Breakdown  Structure  uses  both  attributes 
for  interim  product  description  and  attributes  for  interim 
product  control.  It  uses  these  attributes  alone  and  in 
combinations  which  can  vary  between  different  interim 
product  groups.  To  establish  order  among  the  many 
attributes  used  in  Product  Work  Breakdown  Structure, 
interim  products  are  classified  according  to  five 
characteristics. 

1.  Work  Type  -  A  characteristic  of  an  interim 
product  which  uses  attributes  for  interim  product  description 
to  differentiate  between  interim  products  possessing 
dissimilar  work  requirements. 

2.  Manufacturing  Level  -  A  characteristic  of  an 
interim  product  which  uses  attributes  for  interim  product 
control  to  differentiate  between  interim  products  at  different 
points  in  the  work  sequence  for  a  particular  work  type. 

3.  Zone  Type  -  A  characteristic  of  an  interim  product 
which  uses  attributes  for  interim  product  description  to 
differentiate  between  interim  products  with  dissimilar 
production  objectives  within  a  particular  manufacturing 
level. 

4.  Problem  Area  -  A  characteristic  of  an  interim 
product  which  uses  attributes  for  interim  product  description 


to  differentiate  between  interim  products  with  dissimilar 
work  requirements  within  a  particular  zone  type. 

5.  Stage  -  A  characteristic  of  an  interim  product 
which  uses  attributes  for  interim  product  control  to 
differentiate  between  interim  products  at  different  points  in 
the  work  sequence  for  a  particular  problem  area. 

The  attributes  used  by  each  characteristic  may  change 
from  group  to  group  according  to  the  descriptive 
requirements  of  the  work  breakdown  structure.  These  five 
characteristics  however,  remain  constant  throughout  the 
classification  and  coding  system. 

The  organizational  structure  of  characteristics,  implied  in 
their  definitions,  is  hierarchical  Within  each  work  type  are 
specific  manufacturing  levels  and  within  each 
manufacturing  level  are  specific  zone,  problem  area  and  stage 
attributes.  The  attributes  available  in  any  characteristic 
depend  upon  those  previously  selected.  This  hierarchical 
tree  structure  is  shown  in  Figure  3.3-1. 

The  complete  classification  of  attributes  is  presented  in 
Figure  3.2.  Please  note  that  the  changes  were  made  in  the 
arrangement  of  the  tree  structure  to  enable  it  to  fit  on  a 
singl  page.  The  logic  however,  remains  unchanged. 


Stage 


Problem  Area 


Zone  Type 

Manufacturing 

Level 


Work  Type 


Product 


Figure  3.3-1 

Hierarchy  of  Characteristics 
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3.3.3  PWBS  Classfication  and  Coding  Book 


3.3.2  Selection  of  Code  Format  and  Characters 

The  selection  of  code  format  and  characters  had  a 
significant  impact  on  many  of  the  goals  of  the  study  and 
the  requirements  of  the  classification  and  coding  system. 
The  code  format  had  to  perform  several  functions,  some  of 
which  were  difficult  to  reconcile  because  of  their  opposing 
nature.  For  example 

1.  The  code  format  had  to  be  long  enough  to 

accommodate  all  of  the  required  information. 

2.  Research  revealed  that  the  code  would  be  more  easily 

used  if  each  digit  represented  a  specific  characteristic. 

This  tended  to  lengthen  the  code  format 

3.  The  potential  for  ceding  error  increased  with  the 

number  digits  in  the  code. 

4.  The  code  could  not  be  so  long  that  it  became 

unwieldly  and  difficult  to  use. 

Several  formats  were  tried  and  evaluated.  Ultimately,  a 
compromise  was  found  that  met  the  requirements  of  the 
system  and  minimized  as  many  negative  aspects  as 
possible.  The  selected  format  contains  six  digits  which 
represent  the  following  characteristics. 

Digit  Attribute 

1  Work  Type 

2  Manufacturing  Level 

3  Zone 

4  Problem  Area 

5  Problem  Area 

6  Stage 

The  selected  code  characters  are  both  numeric  and 
alphabetic.  Alphabetic  characters  are  used  to  define  work 
type  attributes  because  they  are  few  in  number  and  can  be 
easily  recognized  by  a  key  letter  from  the  attribute  name. 
Numerals  are  used  for  all  other  atttributes. 


The  classification  and  waling  system  developed  by  this 
study  is, presented  in  Figure  3.3-3,  PWBS  Classification  and 
Coding  Book.  After  much  experimentation,  this  code  book 
format  was  found  to  be  the  most  easily  use,  manual 
method,  for  performing  classification  and  coding.  The 
PWBS  classification  and  coding  book  and  instructions  for  its 
use  were  published  as  a  figure,  independent  of  the  text  of 
this  manual,  to  enable  it  to  be  easily  reproduced  and  used  as 
a  separate  entity.  Please  note  that  the  page  numbering  of 
the  PWBS  classification  and  coding  book  is  independent  of 
the  pagination  of  this  manual.  An  example  illustrating 
classification  and  coding  of  portions  of  an  actual  ship  using 
the  code  book  is  presented  in  Section  3.6. 
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|  (see  Figure  3.3-2-B) 
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P.W.B.S.  Classification  Tree 
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Figure  3.3-2C 
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PWBS  CLASSIFICATION 
AND  CODING  BOOK 


FIGURE  3.3-3 


PWBS  CLASSIFICATION  AND  CODING  BOOK 
GENERAL  INFORMATION 

1.  The  system  uses  a  six-digit  code  string  to  describe 

interim  products.  The  digits  define 

DIGIT  DEFINES 

1  Work  Type 

2  Manufacturing  Level 

3  Zone 

4  Problem  Area 

5  Problem  Area 

6  Stage 

2.  The  code  sheets  are  read  from  left  to  rightj  and  then 

from  top  to  bottom.  Once  your  choice  is  found  the 
code  is  obtained  from  the  horizontal  row  of  numbers 
only.  The  numbers  in  the  vertical  column  indicate 
the  column  in  which  the  code  number  is  placed. 

3.  In  the  upper  left  comer  of  each  code  sheet  is  a 
reminder  of  the  previous  selection  and  coding  which 
led  to  that  page. 


4.  No  more  than  three  pages  are  required  to  classify  and 
code  any  interim  product. 

INSTRUCTIONS 

1.  All  classification  and  coding  begins  on  Page  1  with 

the  selection  of  work  type  attributes. 

2.  Below  each  work  type  attribute,  in  parentheses,  is  the 

page  number  on  which  the  corresponding 
manufacturing  level  attributes  are  selected. 

3.  Below  each  manufacturing  level  attribute,  in 

parentheses,  is  the  page  number  on  which  the 
corresponding  zone,  problem  area  and  stage 
attributes  are  selected. 

An  Example:  P35513 

P  =  Zone  Painting  Work  Type  (Page  1) 

3  =  Finish  Undercoat  Paint  Manufacturing  Level 
(Page  17) 

5  =  Zone  -  On  board,  Engine  Room  (Page  20) 

5  =  Scaffold  Required,  Epoxy  Paint  (Page  20) 

1  -  Single  Coat,  Positional  Difficulies  (Page  20) 

3  =  Painting  Stage  (Page  20) 
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3.4  MANUAL  CL4SSIFICATI0N  AND  CODING 

Manual  classification  and  coding  comprises  generating 
the  coding  for  an  interim  product  manually,  using  the 
PWBS  Classification  and  Coding  Book.  Experimentation 
revealed  that  this  method  worked  very  well  and  posed  no 
problem  other  than  the  potential  for  misread  or  misplaced 
code  characters.  This  method  did,  however,  require  further 
consideration  once  coding  was  complete.  The  example 
discussed  in  Section  3.6  revealed  that  the  amount  of  data  that 
resulted  from  even  a  single  block  was  so  great  that  further 
manual  manipulation  of  it  either  by  indexed  cards  or  file 
folder  was  impractical.  Post  coding  data  manipulation  then 
emerged  as  one  factor  shipyards  should  consider  when 
implementing  this  system. 

The  most  efficient  means  of  using  the  classification  and 
coding  system  manually  seemed  to  be  using  the  PWBS 
Classification  and  Coding  Book  in  conjunction  with  data 
base  management  software  and  a  computer  with  adequate 
memory  capacity.  Research  indicated  this  to  be  well  within 
the  capability  of  current  technology.  This  approach  to 
implementing  the  classification  and  coding  system  is 
discussed  in  the  example  in  Section  3.6  and  in  Section  3.7, 
Conclusions. 

3.5  COMPUTER  AIDED  CLASSIFICATION  AND 
CODING 

Computer  aided  classification  and  coding  comprises  not 
only  generation  of  the  interim  product  coding,  but  the 
capture  and  manipulation  of  all  associated  data  by  interaction 
with  a  computer. 

As  this  study  progressed  it  became  apparent  that  the 
most  effective  applications  of  group  technology  utilized 
computer  aided  classification  and  coding.  This  assumption 
was  supported  by  the  effort  to  define  the  current  level  of 
group  technology  utilization,  by  visits  to  companies  using 
group  technology  and  by  the  opinions  expressed  by 
shipbuilders  in  the  industry  survey. 

To  develop  a  computer  aided  version  of  the  classification 
and  coding  systeM,  the  study  team  contacted  vendors  known 
to  offer  products  of  this  nature.  They  were  provided  with  a 
summary  of  the  study’s  goals  and  the  classification  trees 
shown  in  Figure  3.3-2. 

Of  those  contacted  only  one  vendor  responded  The 
Brigham  Young  University  CAM  Software  Research  Center 
(BYU  CAM  Center).  Follow-up  telephone  conversations  to 
the  other  vendors  revealed  they  generally  did  not  respond 
because  their  product  was  not  well  suited  to  the  structure  of 
the  classification  and  coding  system. 

Subsequent  discussions  wifh  the  BYU  CAM  Center,  and 
review  of  information  they  provided  revealed  their  product, 

D-CLASS, 

1.  could  accommodate  all  aspects  of  the  classification 
and  coding  system, 


2.  was  compatible  with  a  variety  of  computer  hardware 

types,  and 

3.  was  being  used  by  many  large  manufacturing 

companies  to  perform  classification  and  coding  and 
computer  aided  process  planning. 

The  study  team  concluded  that  D-CLASS  was  the  only 
commercially  available  means  of  using  the  classification  and 
coding  system  it  had  developed  in  a  computer  aided  manner. 
An  arrangement  was  then  made  whereby  the  BYU  CAM 
Center  enabled  the  study  to  use  D-CLASS  software  and  its 
computer  for  a  demonstration  project. 

Appendix  B  -  DCLASS  Information,  contains  a 
variety  of  literature  provided  by  the  BYU  CAM  Center. 
Further  information  can  be  obtained  by  contacting  the  CAM 
center  directly. 

Work  then  began  that  eventually  led  to  the  classification 
and  coding  system  being  used  in  a  computer  aided  manner. 
Before  describing  this  work  however,  the  reader  should  be 
advised  that  the  BYU  CAM  Center  agreed,  at  the  time  this 
work  was  completd  to  retain  on  their  computer,  the 
classification  and  coding  system  and  the  example  data  that 
was  used  to  test  it  for  review  by  interested  shipbuilders. 
Review  of  the  computer  aided  product  work  classification 
and  coding  system  is  discussed  in  Appendix  C-l.  Access  to 
a  modum  equipped  terminal  is  required. 

3.6  USING  THE  SYSTEM  -  AN  EXAMPLE 

Because  this  project  was  attempting,  in  part,  to  develop 
a  prototype  shipbuilding  tool,  its  sponsors  required  an 
example  be  provided  that 

1.  illustrated  its  use,  and 

2.  tested  its  capability. 

This  example  classifies  and  codes  an  erection  block  of  an 
FFG-7  class  guided  missile  frigate  of  the  United  States 
Navy.  The  block  comprises  an  auxiliary  machinery  room 
and  a  portion  of  the  engine  room.  It  was  selected  for  use 
because  of  its  variety  of  work  and  complexity  of  outfitting. 
While  all  of  the  interim  products  of  this  block  were 
classified  and  coded,  only  a  representative  portion  are  shown 
here.  A  representative  listing  of  1074  interim  products, 
from  the  more  than  4200  developed  by  this  example,  is 
presented  in  appendix  C-example  data. 

Before  reviewing  the  example,  the  reader  should  be  aware 
of  certain  conditions  which  limited  its  effectiveness  in 
illustrating  and  testing  the  system. 

1.  Because  the  ship  used  in  this  example  was  not 
designed  to  take  full  advantage  of  a  prcduct  work  breakdown 
structure,  a  few  of  the  manufacturing  levels  -  on  unit 
outfitting  in  particular  -  were  difficult  to  apply. 
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2.  Because  this  example  was  limited  to  the  interim 
products  of  a  single  block  the  on  board 
manufacturing  levels  were  not  used. 

3.  Because  this  example  portrays  the  first  attempt  to 
use  the  system,  it  represents  a  learning  experience 
which  may  or  may  not  make  the  most  effective  use 
of  interim  product  designation  and  code  assignment. 

4.  Because  the  classification  and  coding  shown  here  was 
done  by  a  particular  shipbuilder,  it  contains  decisions 
which  reflect  production  characteristics  at  a  particular 
shipyard  and  may  not  apply  to  other  facilities. 

The  example  demonstrated  the  systems  potential  as  a 
tool  for  creating  work  packages.  To  perform  this  function 
effectively,  however,  a  means  of  specifying  the  location  of 
an  interim  product  within  the  ship  was  needed.  The  interim 
product  designation  scheme  discussed  in  Section  4.5  was 
developed  to  meet  this  need.  It  is  recommended  that  the 
reader  review  this  section  before  studying  the  example. 

Through  experimentation,  the  project  team  found  using 
the  system  to  be  a  four  step  process. 

Step  1  A  zone  directory  was  developed  which  defined  the 
zones  and  sub-zones  contained  in  the  block. 

Step  2  Interim  products  were  identified  designated  and 
classified  and  coded.. 

Step  3  Interim  products  were  experimentally  sorted  into 
work  packages  to  determine  optimum  productivity  value. 

Step  4  Interim  products  were  assigned  to  a  work  package 
and  given  a  number  to  represent  this  decision. 

Steps  1  through  4  are  discussed  below  as  they  apply  to 
manual  and  computer  aided  classification  and  coding. 

Step  1-  Zone  Directory 

Before  classification  and  coding  could  begin  the 
manufacturing  sequence  of  the  block  had  to  be  planned. 
This  plan  defined  the  zones  and  sub-zones  that  would  be  used 
to  geographically  divide  work  and,  in  a  general  way, 
established  the  sequence  of  assembly  for  major  structural 
components.  The  zone  directory  for  the  example  block  is 
shown  in  Figure  3.6-1.  Step  1  is  performed  in  the  same 
manner  for  both  manual  and  computer  aided  classification 
and  coding. 

Step  2-  Interim  Product  Classification  and  Coding 

Once  the  zone  and  sub-zone  arrangements  were  defined, 
interim  products  were  designated  by  their  zone  and  sub-zone 
and  then  classified  and  coded. 


This  was  done  by  compiling  lists  of  interim  products 
from  drawings  similar  to  those  in  Figure  3.6-2  (due  to  space 
considerations  these  lists  are  not  complete  and  present  only  a 
portion  of  the  interim  products  for  the  zone  shown.  A 
complete  list  of  interim  products  is  contained  in  Appendix  C- 
3).  Manually,  interim  products  were  added  to  the  list, 
then  coded  using  the  code  book  presented  in  Figure  3.3-3. 
Instructions  for  using  the  code  book  are  contained  in  Figure 
3.3-3.  When  coding  is  complete,  the  data  would  be  entered 
into  a  data  base  management  program  as  discussed  in 
Section  3.4,  Manual  Classification  and  Coding.  This 
example  did  not  expend  the  effort  to  enter  this  data  into  a 
data  base  management  program  because  the  function  and 
performance  of  these  programs  are  generally  understood  and 
well  documented.  For  this  reason,  Steps  3  and  4  only 
discuss  interim  product  sorting  using  D-CLASS.  It  was 
assumed  that  sorting  with  a  data  base  management  program 
would  be  conceptually  similar  though  significantly  less 
functional. 

In  a  computer  aided  manner,  interim  product  coding  was 
accomplished  interactively  with  D-CLASS  by  responding  to 
the  inquiries  displayed  on  the  terminal.  An  example  of  these 
interactions  is  shown  in  Figure  3.6-3  with  annotation  to 
explain  what  is  being  done. 

This  example  illustrates  the  classification  and  coding  of 
the  web  portions  of  the  web  frames  at  Frames  220  and  228 
shown  in  the  sketch  of  zone  11  figure  3.6-2.  These  four 
pieces  are  treated  as  a  single  interim  product  because  they  are 
identical  and  all  occur  within  the  same  zone.  They  could 
also  be  treated  as  individual  interim  products,  at  the 
discretion  of  the  shipyard. 

Step  3-  Sorting  Interim  Products 

Step  3  initiates  the  sorting  of  interim  products  into 
groups  that  will  eventually  become  work  packages. 

The  system  performs  sorting  according  to  the  variables 
used  in  interim  product  designation, 

1  Hull  No. 

1  Block  No. 

1  Zone  No. 

1  Sub-Zone  No. 

and,  by  the  PWBS  Code  in  any  progressive  combination 
of  the  six  digits  which  represent 

1  Work  type 

1  Manufacturing  level 

1  Zone  type 

1  Problem  area 

1  Problem  area,  and 

1  Stage 
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The  goal  of  the  sorting  process  was  to  create  work 
packages  which  possessed  optimum  productivity  value 

(PV)*.  The  factors  T,  N  and  Q*  were  considered  in  each 

sorting  experiment  and  the  resulting  group  of  interim 
products  was  modified  until  optimum  PV  was  attained. 

*see  "Product  Work  Breakdown  Structure",  Section  1.3. 

It  should  e  noted  that  T,  N  and  Q  are  subjective 
variables  and  will  differ  with  production  process  and  facility. 
Their  values,  reflected  in  these  sorting  experiments  and  in 
final  work  package  assignment  reflect  conditions  at  the  yard 
in  which  this  Ship  was  built. 

The  sorting  experiments  shown  in  Figure  3.6-4  were 
performed  using  DCLASS  and  are  annotated  to  denote  what 
is  being  done.  The  goal  of  this  particular  sorting 
experiment  was  to  create  a  work  package  for  the  steel  parts 
fabrication  shop  from  the  small  tanks  and  sea  chest  located 
on  the  shell  in  block  31.  The  reader  should  remember  that 
the  data  base  used  in  think  example  only  contained  interim 
products  from  a  single  block.  The  variables,  hull  no.  and 
block  no.,  shown  here  therefore  produce  no  sorting  results. 
The  need  for  these  variables  could  only  be  demonstrated  if 
the  data  base  contained  interim  products  from  several  ships. 
They  are  included  in  this  example  to  indicate  their  potential 
use. 

Step  4-  Work  Package  Assignment 

Step  Four  concludes  the  classification  and  coding  of 
interim  products  by  capturing  the  information  developed  in 
Step  Three  pertaining  to  work  package  assignment. 

In  DCLASS,  Step  Four  involves  changing  the  work 
package  variable  from  the  previously  entered  “99”  to  the 
appropriate  work  package  number.  Step  Four  is  illustrated 
in  Figure  3.64  in  which  the  interim  products  sorted  in 
Figure  3.6-3  are  designated  as  work  package  10. 

3.7  CONCLUSIONS  AND  RECOMMENDATIONS 

As  is  often  the  case  with  research  and  development  work, 
this  project  raised  as  many,  if  not  more,  new  questions  as  it 
answered  old.  Before  discussing  new  questions  however,  the 
answers  to  the  old  should  be  reviewed. 

Any  attempt  to  analyze  the  results  of  this  project  must 
consider 

•  its  goal  stated  in  Section  1.1,  Introduction, 

•  its  scope  specification  stated  in  Section  3.2.2, 

Scope,  and 

•  the  requirements  defined  in  Section  3.3,  The 
Application. 

The  goal  of  t.his  project  was  to  explore  group  technology 
with  the  intent  of  developing  an  application  of  classification 
and  coding  for  the  shipbuilding  industry.  Within  the  limited 
scope  of  the  example,  the  effectiveness  of  this  classification 


and  coding  system  was  demonstrated  in  Section  3.6. 

The  ultimate  value  of  this  classification  and  ceding 
system  will  not  be  known  until  it  is  used  in  the  building  of 
one  or  several  ships  and  its  performance  weighed  against  the 
information  needs  of  work  planners  and  schedulers.  This 
project  did  not  have  the  resources  to  classify  and  code  the 
estimated  forty  thousand  interim  products  of  the  complete 
frigate,  nor  could  it  simulate  the  complex  flow  of 
information  that  occurs  in  the  building  of  a  ship.  However, 
based  upon  the  information  that  the  project  team  was  able  to 
produce  within  the  scope  of  the  example,  the  following 
conclusions  can  be  drawn. 

1.  The  classification  and  coding  system  will  perform 
sorting  of  interim  products  by  work  content  and 
shipboard  location.  This  capability  should  enable 
work  planners  to  develop  work  packages  for  specific 
hull  block  construction,  zone  outfitting  and  zone 
painting  processes,  and  for  specific  periods  of  time 
based  on  a  block  oriented  build  schedule. 

2.  The  system  captures  interim  product  work  content 
through  classification  and  coding  in  a  relatively 
simple,  concise,  and  unambiguous  manner.  Most  of 
the  project  team  members  who  experimented  with 
the  system  found  it  easy  to  use  both  in  a  manual  and 
computer  aided  manner. 

A  few  coding  errors  did,  of  course,  occur.  The 
example  revealed  that  errors  might  be  reduced  if  the 
stage  attributes  within  each  problem  area  were 
arranged,  where  possible,  to  reflect  the  sequence  of 
work.  Because  this  sequence  may  vary  from  yard  to 
yard,  this  modification  should  be  done  by  individual 
shipyards  using  the  system. 

The  most  significant  issue  to  arise  from  the 
example  concerned  attribute  ambiguity.  Questions 
arose  concerning  the  meaning  of  a  particular  attribute 
or  the  relative  meanings  of  attributes  within  a  group, 
for  example,  the  difference  between  a  large  unit  and  a 
small  unit,  or  between  a  flat  block  and  a  special  flat 
block.  Research  revealed  that  beyond  the  definitions 
offered  in  “Product  Work  Breakdown  Structure”,  the 
meanings  of  various  attributes  were  subject  to 
methods  of  production  and  could  vary  significantly 
between  shipyards.  As  a  result,  it  is  recommended 
that  individual  shipyards  develop  a  standard  definition 
for  each  attribute  and  provide  training  to  their  users. 

The  potential  exists,  in  the  current  configuration  of 
the  system,  for  the  user  to  commit  logic  errors.  For 
example,  in  the  part  fabrication  level  of  hull  block 
construction,  it  is  possible  for  the  user  to  select  the 
“part  from  rolled  shape”  problem  area  and  then  select 
the  “plate  joining”  stage  attribute  which  is  clearly 
illogical.  Adequate  user  training  should  prevent  this 
error  and  it  was  not  deemed  mandatory  to 
unnecessary  complicate  the  classification  tress  and 
code  sheets. 
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3.  Using  DCLASS,  the  system  will  operate  in  a 

computer  aided  environment  and  be  compatible  with 
a  variety  of  hardware  types.  Also,  in  its  computer 
aided  form  the  system  could  serve  as  a  foundation 
for  a  computer  aided  process  planning  system 
provided  a  decision  tree  approach  was  used.  (See 
Section  4.7).  It  should  be  noted  that  the 
classiilcation  and  coding  system  used  only  a  small 
portion  of  DCLASS’  decision  tree  processing 
capability.  The  project  team  recommends  that 
shipbuilders  review  the  example  data  left  on  the  BYU 
CAM  Center  computer  to  aquaint  themselves  with 
this  capability.  Shipbuilders  interested  in  developing 
their  own  example  or  pilot  project  should  be  aware 
that  DCLASS  is  available  in  a  micro-computer  based 
version  (type  C  licence)  for  a  relatively  small  fee. 

4.  The  example  brought  out  the  important  relationship 

between  work  organization  concepts  and  attribute 
selection.  The  attributes  currently  in  the  system 
adequately  described  all  interim  products  contained  in 
the  subject  block,  it  conceivable  though,  that 
some  shipbuilders  may  wish  to  add  attributes  to  the 
system.  This  process  is  discussed  in  Section  4.3. 

For  example,  in  the  component  procurement  level  of 
zone  outfitting,  a  shipyard  could  add  attributes  to 
expand  the  definition  capability  under  in-house 
manufacturing  to  include  those  prccesses  it 
maintains  in-house.  Possible  attributes  could  be 
pipe  piece  manufacturing,  vent  piece  manufacturing, 
electrical  piece  manufacturing,  and  machined  piece 
manufacturing. 


During  the  course  of  this  study,  several  questions  arose 
which  were  interesting  but  beyond  the  scope  of  this  project 
They  are  mentioned  here  as  suggestions  for  further 
investigation  by  individual  shipyards  and  the  National 
Shipbuilding  Research  Program. 

1.  The  feasibility  of  developing  attributes  which  address 
productivity  value  should  be  investigated.  In 
“Product  Work  Breakdown  Structure”,  Section  1.3, 
Productivity  Value  (PV)  is  expressed  as  a  function  of 
process  time  (T),  resource  quantity  (N),  and  quality 
of  work  cimurnstance  (Q).  To  derive  a  value  for  PV 
is  within  the  capability  of  DCLASS.  The  decision 
trees,  i.e.  attributes  and  tree  structure,  will  require  a 
significant  amount  of  research  to  develop. 

2.  The  feasibility  of  using  DCLASS  as  a  sub-routine  in 

a  larger  manufacturing  information  management 
system  should  be  investigated.  This  is  within  the 
capability  of  DCLASS. 

3.  The  feasibility  of  integrating  the  DCLASS 

interactive  classification  and  coding  process  with 
interim  product  graphics  generated  from  a 
CAD/CAM  data  base  should  be  investigated. 

4.  The  feasibility  of  developing  decision  trees  which 

identify  interim  products  for  flexible  manufacturing 
work  cells  and  robotic  work  stations  should  be 
investigated. 
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Figure  3.6-1 
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Figure  3.6-1 
31  Block 
Zone  Directory 
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The  code  column  would  be  used  only  in  manual  classification  and  coding 


Figure  3.6-2 
Interim  Product  List 


ID# 

DESCRIPTION 

INTERIM  PRODUCT  DESIGNATION  | 

CODE41 

WP# 

HULL# 

BLOCK# 

ZONE# 

31  SHELL  GIRDER  BRKT  FACE  PLT  CUT 

99 

61 

31 

11 

99 

H  1  0  0  0  1 

31  SHELL  GIRDER  BRKT  FACE  PLT  ASSY 

99 

H  2  0  0  1  0 

020 

si  sun  i  r.TRnn?  assy 

H  2  0  0  1  0 

99 

005 

31  SHELL  LONG’L  BEND 

99 

H  1  0  0  3  2 

021 

31  CVK  SHELL  ASSY 

99 

H  5  0  0  3  1 

VJ.J. 

3i  SHELL  GIRDER  SHELL  ASSY 

99 

H  5  0  0  3  1 

024 

31  DOCK  BRKT  PLATE  CUT 

rv"» 

77 

IS  4  /\  A  n  4 

n  *.  v  v  i,  a 

025 

31  ASB  SHELL  HEBFACE  PLT  CUT 

99 

H  1  0  0  3  1 

026 

31  DOCK  BRKT  FACE  PLT  CUT 

99 

H  1  0  0  3  1 

nnn 

V*./ 

<54  a*y>  cun  i  urn  en  r  apcv 
hi  nas  wi.»j  ullt  naa  i 

99 

ii  n  A  a  4  a 

r.  «;  v  v  x  v 

028 

31  DOCK  BRKT  SELF  ASSY 

99 

u  °  ri  d  i  {\ 

u  *.  V  V  ^  V 

029 

31  AIB  SHELL  UEB  SHELL  ASSY 

99 

H  5  0  0  3  1 

030 

31  DOCK  BRKT  SHELL  ASSY 

99 

H  5  0  0  3  1 

031 

31  AIB  SHELL  UEB  BRKT  CUT 

9? 

H  i  0  0  2  i 

032 

31  ASB  SHELL  HEB  COLLAR  CUT 

99 

H  1  0  0  2  1 

033 

31  ASB  SHELL  TANK  PLATE  CUT 

20 

H  i  0  0  1  1 

31  SEA  CHLS i  PLATE  Cuj 

15 

H  1  0  0  2  1 

035 

31  AIB  SHELL  TANK  STIFFENER  CUT 

i 

20 

H  1  0  0  3  1 

036 

31  ASB  SHELL  TANK  STIFFENER  ASSY 

20 

H  3  0  0  0  1 

037 

31  AIB  SHELL  TANK  ASSY 

! 

20 

H  3  0  0  1  0 

038 

cca  ruccT  cttcfcwco  put 

Ui  uun  UULUI  W  1  4,1  I  kl U_t\  UUI 

15 

H  i  0  0  3  1 

039 

31  SEA  CHEST  STIFFENER  ASSY 

1 

15 

H  3  0  0  0  0 

040 

31  SEA  CHEST  ASSY 

15 

K  3  0  0  1  0 

041 

31  ASB  SHELL  TANK  SHELL  ASSY 

20  ' 

H  5  0  0  3  1 

042 

31  SEA  CHEST  SHELL  ASSY 

i 

15 

L'  c  n  a  r.  i 

*1  «J  V  V  J  1 

043 

31SEA  CHEST  BAFFLE  CUT 

15 

H  1  0  0  3  1 

044 

31  SEA  CHEST  BAFFLE  BEND 

15 

H  1  0  0  3  2 

a  Jr 

una 

Ai  #u»4  v>i  i  rr*t  r-  aaau 

ai  atn  uitai  cnrrLt  hssi 

15 

H  3  0  0  1  0 

046 

31  SEA  CHEST  BAFFLE  INST 

15 

Z  4  0  2  1  0 

085 

31  ASB  SHELL  UEB  FACE  PLT  ROLL 

99 

H  1  0  0  3  2 

086 

31  DOCK  BRKT  FACE  PLT  ROLL 

| 

99 

094 

31  ASB  SHELL  HEB  COLLAR  ASY 

1 

1 

r 

% 

1 

* 

flft 

77 

| 

_ 1 

r  5  0  0  j  i 

Figure  3.6-2 
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(continued) 
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250  TANK 


ZONE  21 


DESCRIPTION 

31 

250 

TANK 

A/ 2  PLT  CUT 

31 

250 

TANK 

A/1  PLT  CUT 

31 

250 

TANK 

CL  BHD  CUT 

31 

250 

TANK 

XVERSEEUT 

31 

250 

TANK 

GIRDER  CUT 

31 

250 

TANK 

STIFFENER  CUT 

31 

250 

TANK 

COHP,  SLY,  CUT 

31 

250 

TANK 

CORP.SLV  BEND 

31 

250 

TANK 

A/1  7  A/ 2  PLT  ASSY 

31 

250 

TANK 

TANNK  FRAMING 

31 

250 

TANK 

STANCHION  CUT 

31 

250 

TANK 

STANCI CHI  ON  ASSY 

31 

250 

TANK 

STANCHION  ASSY 

31 

250 

TANK 

INSTALLATION 

31 

250 

TANK 

HEADER  CUT 

31 

250 

TANK 

GUSSETS  CUT 

INTERIM  PRODUCT  DESIGNATION 


WP#  HULL#  BLOCK#  ZONE#  ZONE# 


31  21  99  H1  0  0  00  1 

'  I  H  1  0  0  1  1 

H  1  0  0  0  1 
H  1  0  0  2  1 
H  1  0  3  2  1 
H  1  0  0  3  1 
H  1  0  0  3  1 
H  1  0  0  3  2 
H  4  0  0  0  0 
H  4  0  0  0  1 
H  1  0  0  3  1 
H  2  0  1  0  0 

H  5  0  0  3  2 
H  5  0  0  3  2 
H  1  0  0  2  1 
H  1  0  0  2  1 


* T h e  code  column  would  be  used  only  in  manual  classification  and  coding. 

Figure  3.6-2 
Interim  Product  List 
(continued) 


ID# 

DESCRIPTION 

122 

31  250  TANK  BRKTS  CUT 

123 

31  250  TANK  COLLAR  C'JT 

124 

31  250  TANK  HEADER  ASSY 

125 

31  250  TANK  GUSSET  ASSY 

126 

31X  250  TANK  BRKT  ASSY 

127 

31  250  TANK  COLLAR  INST. 

INTERIM  PRODUCT  DESIGNATION 


WP#  I  HULL#  I  BLOCK#  J  ZONE#  I  zone# 


<-271 


DESCRIPTION 


31  CSC  SHELL  UEB  PLATE  CUT 
31  CSC  SHELL  NEB  FACE  PLT  C'JT 
31  CSC  SHELL  HEB  SELF  ASSY 
31  CSC  SHELL  HEB  SHELL  ASSY 
31  CSC  SHELL  HEB  COLLAR  CUT 
31  CSC  SHELL  HEB  COLLAR  ASSY 
31  CSC  SHELL  HEB  BRKT  CUT 
31  CSC  SHELL  TANK  PLATE  CUT 

31  CSC  SHELL  TANK  STIFFENER  CUT 
31  CSC  SHELL  TANK  STIFFENER  ASSY 
31  CSC  SHELL  TANK  ASSY 
31  CSC  SHELL  TANK  SHELL  ASSY 
31  CSC  SHELL  TANK  COLLAR  CUT 
31  SHELL  CSC  STRAKE  ASSY 


ZONE  15 


-241 


INTERIM  PRODUCT  DESIGNATION 


SUB 

ZONE# 

CODE* 

99 

H  1  0  0  2  1 

99 

H  i  0  0  3  1 

99 

H  3  0  0  0  0 

99 

H  4  0  0  0  1 

99 

H  1  0  0  2  1 

99 

H  4  0  0  0  1 

99 

H  1  0  0  2  1 

10 

H  1  0  0  1  1 

10 

H  1  0  0  3  1 

10 

H  3  0  0  0  1 

10 

H  3  0  0  1  0 

10 

H  4  0  0  1  1 

10 

H  1  0  0  2  1 

99 

1 

iVHH 

Figure  3.6-2 
Interim  Product  List 
(continued) 
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UNIT  3-1  STBD  LKG  AFT 


ZONE  61 


DESCRIPTION 


21  GRIS  ACCESS  HANDLE  CUT 
21  gp.t:.  ACCESS  HANDLE  BEND 
233  31  GRIG  ACCESS  LATCH  RTS  20.  20  S  23 
23*  31  CRTS  ACCESS  HINGES 
235  31  CRTS  ACCESS  LATCH  ?TS  22  m 
W  31  GRTG  ASCCESS  LATCH  ?T  ASSY 

31  GRTG  ACCESS  ASSY 
238  I  3 1  GRTG  ACCESS  INSTALL 

31  DK  GRTG  NATL  PROCUREMENT 
24C  31  DK  GRTC  CUT 

241  31  DK  PLATE  CUT 

242  31  DK  PLATE  DRILLING 

31  A'-(  GRTG  RT  205  CUT 
31  DK  GRTG  PT  205  A8SH 
31  DK  GRTG  PT  206  CUT 
31  DK  GRTG  PT  2106  BEND 


INTERIM  PRODUCT  DESIGNATION 


WPS  I HULL#I  BLOCK# I  ZONE# 


Z  1  0  0  1  1 
H  2  0  0  0  0 


H  1  0  0  3  1 
H  2  0  0  1  0 
H  1  0  0  3  1 
H  1  0  0  2  2 


*The  code  column  would  be  used  only  in  manual  classification  and  coding. 


Figure  3.6-2 
Interim  Product  List 
(continued) 


DESCRIPTION 


31  DK  GRTG  PT  19  PROCUREMENT 
31  DK  GRTG  INSTALL 
31  DK  PLATE  INSTALL 

SPECIAL  TOOL  STL'G  -STD  CAB  INST  CABINET 
SPECIAL  TOOL  STUG  -STO  CAB  PRIME  HAT’L 
SPECIAL  TGDL  STUG-STO  CAB  PREP  FDN 
SPECIAL  TOOL  STUG  -STQ  CAB  PAINT  EDS 
SPECIAL  TCDL  STUG-STO  CAB  PAINT  CABINET 
SSDG  FUEL  PRIMING  PUP  STUG  CUT  FDN  PCS 
SSSG  FUEL  PRIMING  PM?  STUG  ASSM  FDN  PCS 
SSDG  FUEL  PRIMING  PH?  STUG  INST  FDN 
SSDG  FUEL  PRIMING  PMP  STUG  STRP  PROCUREMENT 
SSDG  FUEL  PRIMING  PMP  STUG  TOOL  BOX  PROCUREMENT 
SSDG  FUEL  PRIMING  PMP  STUG  INST  TOOL  3CX 
SSDG  FUEL  PRIMING  *HP  STUG  PRIHE  MAT’L 
SSDG  FUEL  PRIMING  PMP  STUG  PREP  FDN 


SSDG  FULL  PRIMING  rnr  SiUK  PAIR  I  rDN 
SSDG  FUEL  PRIMING  PMP  STUG  PAINT  TOOL  BOX 
FUEL  OIL  PURIFIER  CUT  FDN  PCS 


INTERIM  PRODUCT  DESIGNATION 
WP#  |  HULL#  |  BLOCK#  ZONE#|zS0nBE#  C°DE 


Z  1  0  0  2  1 
Z  4  0  0  0  2 
Z  4  0  0  0  2 
;  4  S  0  1  2 
o  ~  r.  *  i  ? 

P  3  2  1  5  0 
P  3  2  1  5  3 


1  0  0  3  1 


(\  a  r\  r\ 


10  0  11 
Z  1  0  0  2  1 
Z  4  0  0  1  2 


p  *?  a  n  2  2 


P  3  2  1  5  0 


v  «  n  ■*  r  n 

O  ^  i  J  C 


4  10  3  2 
H  1  0  0  3: 


Figure  3.6-2 
Interim  Product  List 
(continued) 


FUEL  OIL  PURIFIER  ASSM  FDN  PCS 
FUEL  OIL  PURIFIER  HARDWARE  PROCUREMENT 


Z  1  0  0  2  2 


FUEL  OIL  PURIFIER  -PURIFIES  PPULUSEMENI 
FUEL  OIL  PURIFIER  INST  FDN 
FUEL  OIL  PURIFIER  PRIME  FDN  PCS 
FUEL  OIP  PURIFIER  PREP  FDN 
P'!F!  m:  PURIFIER  PAINT  FDN 


5  0  0  3  2 


P  3  2  1  4  3 


FUEL  OIL  PURIFIER  INST  PURIFIER 
(43)  DRY  CHEM  FIRE  EXT  STUG  CUT  FDN  PC 
li)  DRY  r.UFM  FTRF  FXT  STUG  PR  HE  PC 


Z  6  0  0  C  2 
H  1  0  0  3  1 


P  2  0  2  2  2 


14)  DRY  CHEM  FIRE  EXT  STUG  INST  FDN 
(4)  DRY  CHEH  FIRE  EXT  STUG  F"EP  FDN 


H  5  0  0  3  2 
P  3  2  1  4  0 


UNIT  3-1  STBD  LKG  AFT 
ZONE  62 


ID# 

DESCRIPTION 

3SS 

CAS  PUR  CABLE  RACK  CUT  PCS 

38? 

CAS  PUR  CABLE  RACK  BEND  PCS  1  &  7 

3?0 

CAS  PUR  CABLE  RACK  ASSH  PCS  1X3 

391 

CAS  PUR  CABLE  RACK  PRIME  PCS 

CO1} 

V  4 

CAS  PUR  CABLE  RACK  INST  HBRS 

392 

CAE  PUR  CABLE  RACK  INST  RACK 

394 

CAS  PUR  CABLE  RACK  PREPPCS 

395 

CAS  PUR  CABLE  RACK  PAINT  RACK 

396 

CAS  PUR  CABLE  RACK  INST  CABLE 

446 

CAS  POWER  CABVLE  RACK  CUT  PCS 

44? 

CAS  POWER  CABVLE  RACK  BEND  PCS  1  S  7 

448 

CAS  POWER  CABLE  RACK  ASSM  PCS  1  X  3 

449 

CAS  POWER  CABLE  RACK  PRIME  PCS 

■  450 

CAS  PQUER  CABLE  RACK  INST  HDRS 

451 

CAS  POWER  CABLE  RACK  INST  RACK 

452 

CAS  POWER  CABLE  RACK  PREP  PCS 

INTERIM  PRODUCT  DESIGNATION 


WP#  I  HULL#  |  BLOCK#  |  ZONE#  |  ZONE# 


H  4  0  0  1  2 
H  4  0  0  1  1 
P  3  2  0  0  0 
P  4  2  0  0  2 
2  6  0  0  0  3 
H  1  0  0  3  1 
K  1  0  0  3  2 
H  3  0  0  1  0 


H  4  0  0  1  2 
H  4  0  0  1  1 
P  3  2  0  0  0 


*The  code  column  would  be  used  only  in  manual  classification  and  coding. 

Figure  3.6-2 
Interim  Product  List 
(continued) 


DESCRIPTION 


POWER  CABLE  RACK  PAINT  RACK 

POWER  CABLE  RACK  INST  CABLE 

CC2  FIRE  EXT  STNGS  CUT  PCS 

C02  FIRE  EXT  STWGS  BEND  PC  55 

C02  FIRE  EXT  STWGS  PROCURE  HARDWARE 

C02  FIRE  EXT  STWGS  ASSN  FCN 

CC2  FIRE  EXT  STWGS  PRIME  PARTS 

CC2  rIZ  EXT  STWGS  INST  FDN 
i  CC2  FIRE  EXT  STWGS  BOTTLF  PRQC'JREHEN" 

!  C32  FIRE  EXT  STWGSIHST  BOTTLE 
!  CC2  FIRE  EXT  STWGS  CLEAN  FDN 
|  CG2  FIRE  EXT  STWGS  PAIONT  FDN 
)  C02  FIRE  EXT  STWGS  FINAL  PAINT  FDN 
)  CC2  FIRE  EXT  STWGS  CUT  FCS 
)  C02  FIRE  EXT  STWGS  BEND  PC  55 
)  C02  FIRE  EXT  STWGS  PROCURE  HARDWARE 
)  C02  FIRE  EXT  STWGS  ASSH  FDN 
5  C02  FIRE  EXT  STWGS  PRIME  PARTTS 
;  CC2  FIRE  EXT  STWGS  INST  FDN 
)  C02  FIRE  EXT  STWGS  BOTTLE  PROCUREMENT 
)  CC2  PIPE  EXT  STWGS  INST  BOTTLE 
rQ2  ripe  r;<7  STWGS  CLEAN  FDN 
[)  002  FIFE  EXT  STWGS  PAINT  FDN 
* )  css  FIRE  EXT  STWGS  FINAL  PAINT  FDN 


590  TEE  'T380:  WRENCH  STWG  CUT  PCS 
TEE  (4380)  WRENCH  STWG  BEND  PC  63 
2  TEE  (4380)  WRENCH  STWG  ASSH  PCS 

593  TEE  (4380)  WRENCH  STWG  INST  STWG 

594  "EE  (4380)  WRENCH  STWG  PRIHE  STWG 

595  TEE  (4380)  WRENCH  STWG  PREP  STWG 

59£  TEE  (4383)  WRENCH  STWG  PAINT  STUG 

597  TEE  (4380)  WRENCH  STWG  FINAL  PAINT  STUG 


INTERIM  PRODUCT  DESIGNATION 


WP#  HULL#!  BLOCK#  I  ZONE#  jzoKffi:# 


99  61  3 


P  2  0  1  0  2 
P  4  1  1  3  3 


55 


UNIT  3-1  STBD  LKG  AFT 

ZONE  63 


ID# 

DESCRIPTION 

555 

2  L0  SAMPLE  BOTTLE  RACK  CUT  PCS 

556 

2  L0  SAMPLE  BOTTLE  RACK  BEND  PC  968 

557 

2  L0  SAMPLE  BOTTLE  RACK  PROCURE  HARDWARE 

55B 

2  LG  SAMPLE  BOTTLE  RACK  ASSM  PARTS 

55? 

2L0  SAMPLE  BOTTLE  RACK  PRIHE  FDN 

560 

2L0  SAMPLE  BOTTLE  RACK  INST  UPPER  FDN 

561 

2  L0  SAMPLE  BOTTLE  RACK  INST  LWR  FDN 

562 

2  L0  SAMPLE  BOTTLE  RACK  PREP  FDNS 

563 

2  L0  SAMPLE  BOTTLE*  RACK  PAINT  FDNS 

564 

2  LQ  SAMPLE  FINAL  PAINT  FDNS 

565 

2  LO  SAHPLE  BOTTLE  RACK  PROCURE  BOTTLES 

566 

2  LO  SAMPLE  BOTTLE  RACK  INST  BOTTLES 

640 

WRENCH  (151)  STUG  CUT  PCS 

'641 

WRENCH  (151)  STWG  BEND  PC  59 

i 

642 

WRENCH  (151)  STWG  ASSM  PCS 

642 

’liRENCH  (151)  STWG  INST  STWG 

INTERIM  PRODUCT  DESIGNATION 


WPS  HULL#| BLOCKS  ZONES | zone# 


*The  code  column  would  be  used  only  in  manual  classification  and  coding. 


Figure  3.6-2 
Interim  Product  List 
(continued) 


ID# 

INTERIM  PRODUCT  DESIGNATION  | 

DESCRIPTION 

VJP# 

HULL# 

BLOCK# 

ZONE# 

SUB 

ZONE# 

CODE* 

644 

WRENCH  (#51)  STUG  PRIME  STUG 

99 

61 

31 

63 

10 

P  2  0  2  2  2 

645 

WRENCH  (#51)  STUG  PREP  STUG 

1A 

AW 

p?imw) 

644 

URENCH  (151)  STUG  PAINT  STUG 

10 

P  2  0  1  0  2 

647 

WRENCH  (451)  STUG  FINAL  PAINT  STUG 

10 

P  4  1  1  3  3 

648 

WRENCH  (451)  STUC  PROCURE  URENCH 

10 

Z  1  0  0  2  2 

790 

(2)  SSDG  ENCL  DK  CHNL  SFRHG  (LWR)  CUT  PCS 

99 

H  1  0  0  0  1 

791 

(2)  SSDG  ENCL  DK  CHNL  S  FRHG  (LUR)  BEND  PCS 

H  1  0  0  0  2 

792 

(2)  SSiDG  ENCL  DK  CHNL  SFRHG  (LUR)  ASSH/INST  DK  PCS 

H  5  0  0  3  1 

793 

(2)  SSDG  ENCL  DK  CHNL  1  FRMG  (LUR)  PRIME  PCS 

r,  o  a  n  a  n 

r  £  v  •:  v  - 

794 

(2)  SSDG  ENCL  DK  CHNL  S  FRMG  (LUR)  PREP/DK  CHANNEL 

P  3  2  1  7  0 

793 

(2)  SSDG  ENCL  DK  CHNL  l  FRHG  (LUR)  PAINT/DECK  CHANNEL 

P  3  2  1  7  3 

70  L 

i  t  w 

/o\  ppnp  run  m;  rum  e  rnur  /i  itr.\  r¥it*i  niriiT/m/ 

vi;  oovo  lhul  m\  unnL  *  ri\nu  vlciw  nnHL  raitu/L'K  UIHKN 

r»  a  rr  4  n 

r  *i  3  JL  o  o 

797 

(2)  SSDG  ENCL  DK  CHNL  1  FRMG  (LUR)  PROCURE  HARDWARE 

2  1  0  0  2  1 

798 

(2)  SSDG  ENCL  DK  CHNL  S  FRHG  (LUR)  ASSM  /INST  OVHD  PCS 

H  4  0  0  0  2 

799 

(2)  SSDG  ENCL  DK  CHNL  i  FRMG  (LUR)  PREP/CVHD  PCS 

P  3  2  1  3  0 

800 

(2)  SSDG  ENCL  DK  CHNL  S  FRMG  (LUR)  PAINT/OVHD  PCS 

pool  o  o 
r  ij  w  a  u  \j 

801 

(2)  SSDG  ENCL  DK  CHNL  1  FRHG  (LUR)  INST  "K"  BEAH 

H  5  0  0  3  2 

802 

(2?  SSDG  ENCL  DK  CHNL  1  FRMG  (UPPER)  CUT  PCS 

H  1  0  0  0  1 

803 

(2)  SSDG  ENCL  DK  CHNL  S  FRMG  (UPPER)  BEND  PCS 

H  1  0  0  0  2 

804 

(2)  SSDG  ENCL  DK  CHNL  l  FRHG  (UPPER)  ASSH/INST  DK  PCS 

H  4  0  0  0  1 

805 

(2)  SSDG  ENCL  DK  CHNL  l  FRMG  (UPPER)  PRIME  PCS 

P  2  0  2  0  2 

OAZ 

UUQ 

/nv  rrnr  run  im#  nntn  *  rrrnr /MPinrrw  nnrn  tnu  ru/.miri 

;«:/  ooi/b  oixul  ui\  bnnL  *  riuibiurrorw  rixur  mi\  brninru.;. 

_ _  _  . 

r  .i  2  i  o  u' 

807 

(2)  SSDG  ENCL  DK  CHANNEL  S  FRMG  (UPPER)  PAINT/DK  CHvANNl 

P  3  2  1  3  3 

809 

(2)  SSDG  ENCL  DK  CHNL  &  FRMG  (UPPER)  INST/CURTAIN  FITS 

| 

H  7  0  0  2  0 

810 

(2)  SSDG  ENCL  DK  CHNL  1  FRHG  (UPPER)  INST  "H"  BEAM 

H  7  0  0  2  0 

811 

(25  SSDG  ENCL  DK  CHNL  S  FRMG  (UPPER)  FINAL  PAINT 

r.  i  p  4 

r  q  o  i  j  s 

286 

HISC  STRL  CLOSE  PLTS  -UP  LVL  P/S  CUT  PLTS 

H  1  0  0  2  1 

887 

MISC  STRL  CLOSE  PLTS  -UP  LV  P/S  CUT  SHAPES 

H  1  0  0  3  1 

888 

HISC  STRL  CLOSE  PLTS  -UP  LVL  P/S  PRIHE  HAT'L 

P  2  0  1  0  2 

839 

MISC  STRL  CLOSE  PLTS  -UP  LV  P/S  INST  PCS 

U  7  ft  A  *5  ft 

II  /  W  V  4.  v 

e90 

MISC  STRL  CLOSE  PLTS  -UP  LVL  P/S  PREP  PCS 

P  3  1  5  2  0 

891 

MISC  STRL  CLOSE  PLTS  -UP  LVL  P/S  PAINT  PCS 

i 

1 

r 

1 

r 

1 

f 

1 

r 

P  3  1  5  3  3 

Figure  3.6-2 
Interim  Product  List 
(continued) 


57 


ZONE  64 


INTERIM  PRODUCT  DESIGNATION 


ID# 

DESCRIPTION 

WP?r 

HULL# 

BLOCK# 

ZONE# 

SUB 

ZONE# 

CODE* 

£10 

WRENCH  (#50)  STWG  CUT  PCS 

99 

61 

31 

64 

10 

H  1  0  0  2  1 

411 

WRENCH  (#50)  STWG  BEND  PC  59 

10 

H  1  0  0  2  2 

412 

WRENCH  (*50)  STWG  ASSH  PCS 

10 

H  3  0  0  1  0 

413 

WRENCH  (150)  STWG  INST  STWG 

10 

H  4  0  0  1  1 

414 

WRENCH  (#50)  STWC  PRIME  STWG 

10 

P  2  0  2  2  2 

415 

WRENCH  (#50)  STWG  PREP  STWG 

10 

P  2  0  1  0  0 

416 

WRENCH  (#50)  STWG  PAINT  STWG 

10 

P  2  0  1  0  2 

£17 

WRENCH  (#50)  STWG  FINAL  PAINT  STWG 

10 

P  4  1  1  3  3 

418 

WRENCH  (#50)  STWG  PROCURE  WRENCH 

10 

Z  1  0  0  2  2 

61? 

WRNCH  (#50)  STWG  INST  WRENCH 

10 

Z  6  0  0  0  2 

778 

(2)  SSDG  ENCL  DK  CHNL  t  FRHG  (LNR)  CUT  PCS 

99 

H  1  0  0  0  1 

779 

(2)  SSDG  ENCL  DK  CHNL  SFRMG  (LWR)  BEND  PCS 

99 

H  1  0  0  0  2 

780 

(2)  SSDG  ENCL  DK  CHNL  S  FRHG  (LWR)  ASSH/INST  DK  PCW 

99 

H  5  0  0  3  1 

781 

(2)  SSDG  ENCL  DK  CHNL  SFRMG  (LWR)  PRIME  PCS 

99 

P  2  0  2  0  2 

782 

(2)  SSDG  ENCL  DK  CHNL  SFRMG  (LWR)  PREP/DK  CHANNEL 

1 

1 

99 

P  3  2  1  7  0 

783 

(2)  SSDG  ENCL  DK  CHNL  7  FRHG  (LWR)  PAINT/DK  CHANNEL 

99 

P  3  2  1  7  3 

*The  code  column  would  be  used  only  in  manual  classification  and  coding. 


Figure  3.6-2 
Interim  Product  List 
(continued) 


INTERIM  PRODUCT  DESIGNATION 


DESCRIPTION 


(2)  SSDG  ENCL  UK  CHNL  i  FRHG  (LWR)  FINAL  PAINT/DK  CHAi 
(2)  SSDG  ENCL  DK  CHNL  iFRHG  (LWR)  PROCURE  HARDWARE 
(2)  SSDG  ENCL  DK  CHNL  I  FRHG  (LHR)  ASSH/INST  OVHD  PCS 

!2)  SSDG  ENCL  DK  CHNL  l  FRHG  (LWR)  PKEP/OVHD  PCS 

(2)  SSDG  ENCL  DK  CHNL  SFRHG  (LWR)  PINT/OVHD  PCS 
(2)  SSDG  ENCL  DK  CHNL  t  FRHG  (LWR)  INST  "H"  BEAH 

(2)  SSDG  ENCL  DK  CHNL  l  FRHG  (UPPER)  CUT  PCS 

(2)  SSDG  ENCL  DK  CHNL  SFRHG  (UPPER)  BEND  FCS 

(2)  SSDG  ENCL  DK  CHNL  l  FRHG  (UPPER)  ASSH/INST  DK  PCS 


WP#  HULL#]  BLOCK#  « 


3 


CODE 


P  4  5  1  3  3 
Z  1  0  0  2  1 

H  4  0  0  0  2 

P  3  2  1  3  0 

P  3  2  1  3  3 

H  5  0  0  3  2 

H  1  0  0  0  1 

H  1  0  0  0  2 
H  4  0  0  0  1 


(2)  SSDG  ENCL  DK  CHNL  l  FRHG  (UPPER)  INST/CURTAIN  FITS 
(2)  SSDG  ENCL  DK  CHNL  l  FRHG  (UPPER)  PROCURE  HARDWARE 


(2)  SSDG  ENCL  DK  CHNL  l  FRHG  (UPPER)  PAINT/DK  CHANNEL 

(2)  SSDG  ENCL  DK  CHANNEL  l  FRHG  (UPPER)  PREP/DK  CHANNN 

(2)  SSDG  ENCL  DK  CHNL  S  FRHG  (UPPER)  INST  "H"  BEAHS 

(2)  SSDG  ENCL  DK  CHNL  %  FRHG  (UPPER)  FINAL  PAINT 

HISC  STRL  CLOSE  PLTS  -UP  LVL  P/S  CUT  PLTS 

HISC  STRL  CLOSE  PLTS  -UP  LVL  P/S  CUT  SHAPES 

HISC  STRL  CLOSE  PLTS-UP  LVL  PS  PRIHE  HAT’L 

HISC  STRL  CLOSE  PLTS  -UP  LVL  P/S  INST  PCS 

HISC  STRL  CLOSE  PLTS  -UP  LVL  P/S-PREP  PCS 

HISC  STRL  CLOSE  PLTS  -UP  LVL  P/S  PAINT  PCS 

HISC  STRL  CLOSE  PLTS  -UP  LVL  PS-  FINAL  PAINT 


H  7  0  0  2  0 
Z  1  0  0  2  1 
P  3  2  1  3  3 
P  3  2  1  3  0 
2 

P  4  5  1  3  3 


P  2 

0  10  2 

H  7 

0  0  2  0 

P  3 

15  2  0 

P  3 

15  3  3 

SSDG  SECONDARY  FUEL  FILTER  ENCL  (2)  CUT  SHAPES 

SSDG  SECONDARY  FUEL  FILTER  ENCL  (2)  BEND  PLTS 

SSDG  DECONDARY  FUEL  FILTER  ENCL  (2)  PROCURE  HTG  l 

SHIELD  F'NLS 

SSDG  SECONDARY  FUEL  FILTER  ENCL  (2)  PROCURE  HARDWARE 

SSDG  SECONDARY  FUEL  FILTER  ENCL  (2)  ASSHEBLE  ENCLOSURE' 

SSDG  SECONDARY  FUEL  FILTER  ENCL  (2)  PREP  ENCL 

SSDG  SECONDARY  FUEL  FILTER  ENCL  (2)  PAINT  ENCL 

SSDG  SECONDARY  FUEL  FILTER  ENCL  (2)  INSTALL  ENCLOSURES 


P  2  0  1  1  0 
P  2  0  1  1  2 
1  5  2  2  0  1 


Figure  3.6-2 
Interim  Product  List 
(continued) 


UNIT  3-1  STBD  LKG  AFT 


ZONE  65 


DESCRIPTION 


126  31  ES  TRUNKS  BHD  PLATE  CUT 

12?  31  ER  TRUNKS  BHD  PLAT  BEND 

130  31  ER  TRUNKS  STIFFENER  CUT 

131  31  ER  TRUNKS  FDN  CUT 

133  31  ER  TRUNKS  FDN  BRKT  CUT 

134  31  ER  TRUNKS  BRKT  CUT 

135  31  ER  TRUNKS  PLATE  JOINING 

136  31  ER  TRUNKS  STIFFENER  INST 

137  31  ER  TRUNKS  BRKT  INST 

138  31  ER  TRUNKS  FDN  INST 

139  31  ER  TRUNKS  INSTALL 

132  31  ER  TRUNKS  FDN  ASSY 

323  EHER  PITCH  HND  PUHP  CUT  FDN  PCS 
.  324  EHER  PITCH  HAND  PUHP  ASSH  FDN  PCS 

325  EHER  PITCH  HAND  PUHP  INST  FDN 

326  EHER  PITCH  HAND  PUHP  PRIME  HAT’L 


INTERIM  PRODUCT  DESIGNATION 


WP#  I  HULL#  I  BLOCK#  I  ZONE#  I  z^NE# 


H  1  0  0  1  1 
H  1  0  0  1  2 
H  1  0  0  3  1 
H  1  0  0  3  1 
H  1  0  0  2  1 
H  1  0  0  2  1 
H  4  0  0  1  0 
H  4  0  0  1  2 
H  4  0  0  1  2 
H  4  0  0  1  1 
H  7  0  0  2  0 
H  3  0  0  0  0 
H  1  0  0  3  1 
H  3  0  0  0  0 
H  5  0  0  3  2 
2  0  2  2  2 


*The  code  column  would  be  used  only  in  manual  classification  and  coding. 


Figure  3.6-2 
Interim  Product  List 
(continued) 


ID# 

UnbORXPTXON 

327 

EHER  PITCH  HAND  PUMP  PREP  FDN 

328 

EHER  PITCH  HAND  PUMP  PAINT  FDN 

O-* 

CM 

CO 

EHER  PITCH  HAND  PUHP  INST  PUHP 

350 

TEE  (#386)  URENCH  STOW  CUT  PCS 

351 

TEE  (#386)  WRENCH  STOW  BEND  PC  63 

352 

TEE  (#386)  WRENCH  STOW  ASSEH  PCS 

353 

TEE  (#386)  WRENCH  STOW  INST  STOWAGE 

354 

TEE  (#386)  WRENCH  STOW  PRIHE  STOWAGE 

355 

TEE  (#386)  WRENCH  STOW  PREP  STOWAGE 

354 

TEE  (#386)  WRENCH  STOW  PAINT  STOWAGE 

357 

TEE  (#0386)  WRENCH  STOW  FINAL  PAINT  STOWAGE 

359 

TEE  (#386)  WRENCH  STOW  WRENCH  PROCUREMENT 

359 

TEE  (#386)  WRENCH  STOW  INST  WRENCH 

360 

WRENCH  (#54)  STOWAGE  CUT  PCS 

361 

URENCH  (#54)  STOWAGE  BEND  PC  59 

362 

WRENCH  (#54)  STOWAGE  ASSH  PCS 

363 

WRENCH  (#54)  STOWAGE  INST  STOWAGE 

364 

WRENCH  (#54)  STOWAGE  PRIHE  STOWAGE' 

345 

URENCH  (#54)  STOWAGE  PREP  STOUAGE 

366 

URENCH  (#54)  STOWAGE  PAINT  STOUAGE 

367 

WRENCH  (#54)  STOWAGE  FINAL  PAINT  STOUAGE 

368 

URENCH  (#54)  STOWAGE  WRENCH  PROCURHENT 

379 

GTRB  SPECIAL  TOOLS  STWG  ASSH  FDN  PCS 

380 

GTRB  SPECIAL  TOOLS  STWG  INST  FDNS 

3B1 

GTRB  SPECIAL  TOOLS  STWG  STRAP  PROCUREHENT 

382 

GTRB  SPECIAL  TOOLS  STWG  TOOL  BOX  PROCUREMENT 

383 

GTRB  SPECIAL  TOOLS  STWG  INST  TOOL  BOX 

384 

GTRB  SPECIAL  TOOLS  STWG  PRIHE  HAT’L 

385 

GTRB  SPECIAL  TOOLS  STWG  PREP  FDNS 

386 

GTRB  SPECIAL  TOOLS  STWG  PAINT  FDNS 

INTERIM  PRODUCT  DESIGNATION 


WP# 


HULL# 


BLOCK# 


ZONE# 


SUB 

ZONE# 


99 


61 


31 


65 


99 


H 

H 

P 

P 

P 

P 

Z 

H 

H 

Z 

Z 

Z 

P 

P 

P 


T 


? 


T 


T 


CODE* 

3  2  15  0 

3  2  15  3 

4  0  2  1  2 
1  0  0  2  1 
1  0  0  2  2 

3  0  0  1  0 

4  0  0  1  1 
2  0  2  2  2 
2  0  10  0 
2  0  10  2 
4  113  3 
1  0  0  2  2 
6  0  0  0  2 
1  0  0  2  1 
1  0  0  2  2 

3  0  0  1  0 

4  0  0  1  1 
2  0  2  2  2 
2  0  10  0 
2  0  10  2 

4  113  3 
1  0  0  2  2 

3  0  0  0  0 

5  0  0  3  2 
10  0  11 
1  0  0  2  1 

4  0  0  1  2 
2  0  2  2  2 
3  2  15  0 
3  2  15  3 


Figure  3.6-2 
Interim  Product  List 
(continued) 


61 


ZONE  66 


ID# 

INTERIM  PRODUCT  DESIGNATION  | 

hmbm 

DESCRIPTION 

WP# 

HULL# 

block# 

ZONE# 

HU 

m 

£99 

700 

701 

702 

702 

704 

705 

706 

707 

708 

709 

710 

739 

740 

741 

GTRB  SPECIAL  TOOLS  STUG  CUT  LKK  PCS 

GTRB  SPECIAL  TOOLS  STUG  BENS  LKR  PCSA 

GTRB  SPECIAL  T0GLS  STUG  PROCURE  HARBUARE 

GTRB  SPECIAL  TOOLS  STUG  ASSN  LKR 

GTRB  SPECIAL  TOOLS  STUG  CUT  MOUNTING  PCS 

GTRB  SPECIAL  TOOLS  STUG  ASSN  MTG  PCS  TO  LKR 

GTRB  SPECIQAL  TOOLS  STUG  INST  LKR 

GTRB  SPECIAL  TOOLS  STUG  PROCURE  TOOL  BOXES 

GTRB  SPECIAL  TOOLS  STUG  PROCURE  STRAPS 

GTRB  SPECIAL  TOOLS  STUG  PRIME  LKR 

GTRB  SPECIAL  TOOLS  STUG  PREP  LKR 

GTRB  SPECIAL  TOOLS  STUG  PAINT  LKR 

GTRB  SPECIAL  TOOLS  STUG  INST  TOOL  BOXES 

GTRB-FIXTURE  LIFT  BAR  INLET  STUG  CUT  PCS 

GTRB-FIXTURE  LIFT  BAR  INLET  STUG  BEND  PCS 

GTRB-FIXTURE  LIFT  BAR  INLET  STUG  DRILL  HOLES 

99 

1 

t 

61 

1  f 

31 

T 

66 

1 

99 

T 

*The  code  column  would  be  used  only  in  manual  classification  and  coding 


Figure  3.6-2 
]  Interim  Product  List 
(continued) 


DESCRIPTION 


GTRB-FIXTURE  LIFT  BAR  IHLET  STWG  PRIME  PCS 
GTREB-FIXTURE  LIFT  BAR  INLET  STWG  INST  STWGS 
GTRB-FIXTURE  LIFT  BARINLET  STWG  PREP  STWGS 
GTRB-FIXTURE  LIFT  BAR  INLET  STWG  PAINT  STWGS 
GTRB-FIXTURE  LIFT  BAR  INLET  STWG  PROCURE  LIFT  BARS 
GTRB-FIXTURE  LIFT  BAR  INLET  STWG  INSTALL  LIFT  BARS 
GTRB-FIXTURE  LIFT  BAR  INLET  STWG  PROCURE  HARDWARE 

MN  RDGR  SPCL  TOOLS  STWG  CUT  PCS 
MN  RDGR  SPCL  TOOLS  STWG  ASSH  STWG 

MN  RDCR  SPCL  TOOLS  STWG  PRIME  STWG 

MN  RDGR  SPC  TOOLS  STWG  INST  HEADERS 

MN  RDGR  SPCL  TOOLS  STWG  INST  STWG 

MN  RDGR  SPCL  TOOLS  STWG  PROCURE  STRAPS 

MN  RDGR  SPCL  TOOLS  STWG  PROCURE  TOOL  BOXES 

MN  RDGR  SPCL  TOOLS  STWG  INSTALL  TOOL  BOXES  AND  STRAPS 

MN  RDGR  SPCL  TOOLS  STWG  PREP  HDRS 

MN  RDGR  SPCL  TOOLS  STWG  PAINT  HEADERS 

MH  RDGR  SPCL  TOOLS  STWG  PREP  STWG 

MN  RDGR  SPCL  TOOLS  STWG  PAINT  STWG 

MN  RDGR  SPCL  TOOLS  STWG  FINAL  PAINT  STWG 

GTRB  PHER  MN!  MNT  CAB!  F  RACK  C!!T  PCS 


GTRB  EMER  MNL  CONT  CABLE  RACK  ASS  PCS  53.  54  t  57 

GTRB  EMER  MNL  CONT  CABLE  RACK  PRIHE  PCS 

GTRB  EMER  MNL  CONT  CABLE  RACK  INST  RAC  IK 

GTRi  EMER  MNL  CONT  CABLE  RACK  PREP  RACK 

GTRB  EMER  MNL  CONT  CABLE  RACK  PAINT  RACK 

GTRB  EMER  MNL  CONT  CABLE  RACK  INST  CABLE 

GTRB  EMER  MNL  CONT  CABLERACK  PROCURE  LASHING 

CLAY  CONTAINER  STWG  CUT  PCS 

CLAY  CONTAINER  STWG  PRIME  PCS 

CLAY  CONTAINER  STWG  PROCURE  HARDWARE 


INTERIM  PRODUCT  DESIGNATION 


WP#  |  HULL#  |  BLOCK#  |  ZONE# |ZONE# 


H  4  0  0  1  1 
P  3  2  1  2  0 
P  3  2  1  2  2 
Z  1  0  0  2  2 


Z  1  0  0  2  2 


63 


DCLASS  INPUT/OUTPUT 


ANNOTATION 


***  HAINMENU  *** 

CHOOSE  OPTION: 

Tree  Processing 
Select  and  Display  ID  #5 
User  Defined  System 
Data  Base  Statistics 
Select  New  Tree 


The 
tool  fo: 


Stop 


I1VJ 

an  interim  prcx 

product  designation  scheme  discuf 
developed  to  meet  this  need.  It  i: 
reader  review  this  section  before  stu 


’-ENTER  HULL  NO. 

le  sysl 

0t  ENTER  BLOCk  NO. 

q»31 

■ENTER  ZONE  NO. 

»11 

-ENTER SUB -ZONE NO. 

:»99 


This  is  the  MAIN  MENU  which  appears  after  loggin9 
on  to  the  system.  Classification  and  coding  is 
performed  in  option  No.  1,  Tree  Processing. 


DCLASS  request  the  Interim  Product  ID  No. 

The  user  enters  "023". 

DCLASS  request  an  interim  product  description. 

The  user  enters  "FR  220  &  228  SHELL  WEB  PLT  CUT". 
DCLASS  request  interim  product  designation 
variables . 

The  user  inputs  the  appropriate  values.  Note 
that  "99"  is  entered  for  work  package  numder 
because  this  value  will  not  be  known  until 
after  sorting.  "99"  is  also  entered  for  sub-zone 
No.  to  demonstrate  its  use  as  an  insignificant 
or  Nil  designation.  In  this  case,  there  is  no 
sub-zone  designation. 


PRODUCT  ASPECTS  BY  WORK  TYPE 
1  ■  MULL  BLOCK  CONSTRUCTION 
2-  ZONE  (OUTFITTING 
3  -  ZONE  PAINTING 


teps  1  through  4  are  discu 
al  and  computer  aided  das: 

1  -  Zone  Directory 

Before  classification  and  cc 

ir»nfor»tiiT4«r»  pantiortPA  nf  tfia  K 


/ 

step  2  -  Interim  Product  Classification 

Once  the  zone  and  sub-zone  arranf 
nterim  products  were  designated  by  th 


DCLASS  presents  the  ’’WORK  TYPE"  menu. 


The  user  selects  option  No.  1,  Hull  Block 
Construction . 

DCLASS  presents  the  "MANUFACTURING  LEVEL"  mene 
for  Hull  Block  Construction. 


The  user  selects  option  No.  1,  "Part  Fabrication 
level . " 


Note  -  At  this  point  the  zone  menu  would  normally 
appear,  however  since  this  manufacturing  level  has 
only  one  zone  type  option,  DCLASS  automatically 
assumes  its  selection,  assigns  the  code  digit, 
and  proceedes  to  the  next  menu. 

DCLASS  presents  the  "AREA"  menu. 


The  user  selects  option  No.  3. 


Figure  3.6-3 

DCLASS  Classification  and  Coding  Interaction 


DCLASS  INPUT/OUTPUT 


ANNOTATION 


STAGE 

1  -  PLATE  JOINING 

2  -  MARKING  l  CUTTING 
JLr  BENDING 

**>2 


Choose  Option: 

1  -  Review  Choices 

2  -  Continue 


DCLASS  presents  the  "STAGE"  menu- 
The  user  selects  option  No  .  2  . 

Classification  and  coding  is  now  complete.  The 
user  can  elect  to  review  the  previous  choices 
or  continue. 

The  user  elects  to  continue. 


NEW  Entry:  023 

Choose  Option: 

1  -  Store  ID  * 

2  -  Change  ID  Haae 

3  -  NO  Store 

***  ID  *  STORED:  023 
Cods=H  1  0  0  2  1 


***  MAIN  MENU  *** 

CHOOSE  OPTION: 

1  -  Tree  Processing 

2  -  Select  and  Display  ID  is 

3  -  User  Defined  System 

4  -  Data  Base  Statistics 

5  -  Select  Net*  Tree 
5  -  Help  Information 

10  -  DCLASS  Manager 

11  -  Stop 


DCLASS  repeats  the  ID  No.  and  queries  the  user 
concerning  its  disposition. 


The  user  elects  to  store  the  ID  No. 

DCLASS  repeats  the  ID  No.,  and  displays  its  code, 
stores  the  ID  No.,  code  and  variables,  and  returns 
to  the  NAIN  NENU. 


Figure  3.6-3 

DCLASS  Classification  and  Coding  Interaction 
(continued) 


DCIASS  INPUT\OUTPUT 


ANNOTATION 


***  MAIN  MENU***  Sorting  begins  at  the  MAIN  NENU  by  selecting 

CHOOSE  OPTION:  option  No.  2. 

1  -  Tree  Processing 

2-  Select  and  Display  ID  is 

3-  User  Defined  System 
4  -  Data  Base  Statistics 

5-  Select  New  Tree 

6-  Help  Information 

10-  DCLASS  lfanaga- 

11-  stop 
=>2 


*****  RETRIVEL  AND  DISPLAY**** 

CHOOSE  OPTION: 

1.  Display /List  ID  #5 

2-  Select  Group  froa  Data 

3-  DCLASS  Bit  Comparison 

4-  Change  Defaults 
m  ss  TD  #  Update 

\ 


ID  #S  IN  GROUP=  0 


To  sort  Interim  Products,  the  user  must  first 
form  a  group  from  the  Data  Base  by  selecting 
option  No.  2  from  the  "RETRIEVAL  AND  DISPLAY" 
menu .  .  . 


SELECT  GROUP  FROM  DATA  - 

1-  Select  ID#5fros  DataBase 

2-  Refine  Group 

3-  Display  Group 

4-  Restore  Previous  Group 

5-  Initialize  Group 
12-  Exit 


And  option  No.  1  from  the  "ID  #s  IN  GROUP" 
menu. 


SELECT  ID  #s  froa  Ddta  Base 

1  -  BY  CODE 

2  -by  variable 

3  -  b  y  key 

4 -by  Description 
5  -  Exit 

-  _E^pr  -Low  Valus 


ID  #s  may  be  selected  by  any  of  the  characteristics 
shown  here.  The  user  wants  only  those  from  Hull 
No.  61  (avariable)  so  option  No.  2  is  selected. 


The  Hull  No.  variable  (hull)  is  entered  and  since 
only  one  Hull  NO.  is  needed  "61"  is  entered  for 
both  the  low  and  high  search  values. 


Enter  High  Value 
»61 

2 

•  1070  NEE  ID  #s  ADDED  TO  GROUP  *** 

1070  tStAL^ID^s  Selected3^  Selected  DCLASS  forms  a  group  of  all  those  ID  #s  With 

the  Hull  NO.  61. 

1070  TOTAL  ID  #s  for  this  Main  Tree 
1070  TOTAL  ID  *s  in  Data  Base 


Figure  3.6-4 

DCLASS  Sorting  Example 


DCLASS  INPUT \ OUTPUT 


ANNOTATION 


SELECT  IB  is  froa  Bata  Base 

1  -  by  Coda 

2  -  by  Variable 

3  -  by  Key 

A  -  bv  Description 
5  -  Exit 

AC 


*#*  ID  is  IH  GROUP  =  1070  *** 

SELECT  GROUP  FROM  DATA  BASE 

1  -  Select  ID  is  fro*  Data  Base 

2  -  Refine  Group 

3  -  Display  Group 

4  -  Restore  Previous  Group 

5  -  Initialize  Group 
12  -  Exit 

~>2 


The  user  wishes  to  refine  this  group  to  include 
only  those  id  #s  in  Block  No.  31  and  so  exits  the 
"select  id#s  FROM  DATA  BASE"  menu,  and  selects 
option  No.  2  from  the  "SELECT  GROUP  FROM  DATA 
BASE"  menu. 


REFINE  Selected  Group 

1-  by  KEEPING  Matching  Group 

2-  bv  DELETING  Matching  Group 

3-  Exit 

*~>1 


KEEP  Hatching  Group 

1  -  by  Code 

2  -  by  Variable 

3  -  by  Key 

4  -  by  Description 

5  -  Exit 
~>2 


The  user  wishes  to  keep  only  those  ID  #s  in  Block 
31  and  so  selects  option  No.  1. 


Block  No.  is  a  variable  so  option  No.  2  is  selected 


Enter  Variable  Naae  The  Block  No.  variable  (BLK)  is  entered. 

»PLK 


Enter  Low  Value  The  value  "31"  is  entered  for  low  and  high  search 

$  ^31  value. 

Enter  High  Value 
»31 

e 

***  0  ID  #s  DELETED  FROM  GROUP  ***  DCLASS  refines  the  group  to  include  only  those 

1070  TOTAL  ID  #s  Selected  ID  #s  in  Block  No.  31. 


REFINE  Selected  Group 

1  -  by  KEEPING  Hatching  Group 

2  -  by  DELETING  Hatching  Group 

3  -  Exit 


KEEP  Hatching  Group 

1  -  by  Code 

2  -  by  Variable 

3  -  by  Key 

4  -  by  DescriDtion 
Exit 


j  ■ 

=>2 


The  user  wishes  to  keep  only  those  ID  #s  in  Zone 
No.  11  and  so  elects  to  further  refine  the  group. 


Zone  No.  is  a  variable  so  option  No.  2  is  selected 


Figure  3.6-4 

DCLASS  Sorting  Example 
(continued) 


DCLASS  INPUT\OUTPUT 


ANNOTATION 


Enter  Variable  Name 

Enter  Low  Value 

»11 

^E^ter  High  Value 
e 

***  962  ID  #s  DELETED  FROM  GROUP  *** 

108  TOTAL  ID#s  Selected 


FWD 


D 


The  Zone  No.  variable  (zON)  is  entered- 
The  value  11  is  entered. 


DCLASS  refines  the  group  to  include  only  those 
ID  #s  in  Zone  11. 

The  user  wishes  to  keep  only  those  id  #s  in  Sub-Zones 
15, 16, 17, &18,  (the  suction  sea  chest)  and  so  elects 
to  refine  the  group  further. 


Sub-Zone  No.  is  a  variable  so  option  No.  2  is 
selected. 


Enter  Variable  Name 
»SZN 


Enter  Low  Value 
»15 


Enter  High  Value 


The  Sub-Zone  No.  variable  (SZN)  is  entered. 


The 

value 

"15" 

is  entered 

for 

low 

value . 

The 

value 

"18" 

is  entered 

for 

high 

value 

***  72  1d#s  DELETED  FROM  GROUP 

36  TOTAL  ID#s  Selected 

REFINE  Selected  GroucI 

1- by  KEEPING  Hatching  Group 

3  2  jjl^iPELETING  Matching  Group 


DCLASS  refines  the  group  to  include  only  those  ID  #s 
in  Sub-Zones  15  through  18. 


The  user  wishes  to  keep  only  those  ID  #s  which 
contain  Hull  block,  part  fabrication  work  (code  HI) . 


z.orie  uireci 
(continue* 


The  user  selects  option  No.  1,  by  code. 


=>1 


Choose  Option: 

1-  Enter  Code 

2  -  Get  Code  by  Traversing  Tree 
=  =  >  1 


Figure  3.6-4 

DCLASS  Sorting  Example 
(continued) 


DCLASS  INPUT\OUTPUT 


ANNOTATION 


Enter  Code 
»H1 


The  code  "HI  is  entered. 


***  20  ID#s  DELETED  FROM  GROUP*  *  * 

16  TOTAL  ID  #s  Selected 

REFINE  Selected  Group 

1  -  by  KEEPING  Hatching  Group 

2  -  by  DELETING  Hatching  Group 

3  -  Exit 
*==>3 

***  ID  is  IN  GROUP  =  16  «* 

SELECT  GROUP  FRQH  DAT ft  BASE 

1  -  Select  ID  ts  froa  Data  Base 

2  -  Refine  Grouo 

3  -  Display  Group 

4  -  Restore  Previous  Group 

5  -  Initialize  Group 
12  -  Exit. 

-=>3 


DCLASS  refines  the  group  to  include  only  those 
ID  #s  with  the  first  two  code  digits  of  HI. 


The  user  wishes  to  view  the  ID  #s  in  the  group 
so  exits  the  "REFINE  SELECTED  GROUP"  menu-.. 


...  and  selects  option  No.  3  to  display  the  group. 


DISPLAY  Selected  Group 
1  -  ID  #s  &  Code 
2  -  ID  #s  2  Code  &  3  Variables 
3  -  ID  #s  &  Description 

4-  ID  #s  &  Codes,  Keys,  Variables 

5-  ID  #s  &  Paths 
12  -  Exit 

=>3 


The  user  only  needs  to  see  the  description  so 
selects  option  No.  3. 


***  ENTER  EXIT  TO  TERMINATE  DISPLAY  *** 


034 

31  SEA  CHEST  PLATE  CUT 

TA 

038 

31  SEA  CHEST  STIFFENER  CUT 

TA 

043 

31SEA  CHEST  BAFFLE  CUT 

TA 

044 

31  SEA  CHEST  BAFFLE  BEND 

TA 

141 

31  SEA  CHEST  PLATE  CUT 

1A5 

31  SEA  CHEST  STIFFEHER  CUT 

TA 

TA 

ISO 

31  SEA  CHEST  BAFFLE  CUT 

TA 

151 

31  SEA  CHEST  BAFFLE  BEND 

TA 

DCLASS  displays  the 
of  the  group. 

H 1002  1 
H 1003 1 
H 1 003  1 
H 10032 
H 1 002 1 
H 1  0  0  3  1 
H 1 003 1 
H 1 00  3  2 


ID  #s,  descriptions  and  codes 


-RETURN-  to  Continue 

0  » 

H10021 

154 

31  SEA  CHEST  PLATE  CUT 

TA 

15541  SEA  CHEST  -  STIFFENER  CUT 

TA 

H10031 

159 

31  SEA  CHEST  BAFFLE  CUT 

TA 

H10031 

160 

31  SEA  CHEST  BAFFLE  BEND 

TA 

H10032 

163 

31  SEA  CHEST  PLATE  CUT 

TA 

HI  0021 

164 

,.,31 SE4  CHEST  STIFFENER  CUT 

TA 

H10031 

162 

31SEA  CHEST  BAFFLE  CUT 

TA 

H10031 

169 

31  SEA  CHEST  BAFFLE  BEND 

1A 

HIO032 

-RETURN-  to  Continue 


Figure  3.6-4 

DCLASS  Sorting  Example 
(continued) 


DCLASS  INPUT/OUTPUT 


ANNOTATION 


DISPLAY  Selected  Group 


4- 

5- 
12  ' 

=>12 


The  user  decides  there  are  too  many  ID  #s  for  a 
single  work  package  so  elects  to  refine  the  group 
to  include  only  those  which  contain  the  marking 
and  cuttinq  of  parts  from  rolled  shapes  (code  H10031) . 

The  user  exits  the  display  menu... 


"Refine  group”  is  selected. . . 


Choose  Option: 

1  -  Enter  Code 

-  Get  Cede  by  Traversing  Tree 
3-Exit 


..."By  code  "  is  selected.  .  . 


..."Enter  code "  is  selected... 


Enter  Code 
»H10031 


...The  code  "H10031"  is  entered. 


8  ID  iS  DELETED  FROM  GROUP  *** 
8  TOTAL  ID  is  Selected 


563  2  LD  SAMPLE  BQTTLe'rA 

kla  ?  in  SAMPIP  PINAL  PAI 

I 


***  ID  is  IN  GROUP  =  B  *** 


640 

641 

642 

LAr. 


URENCH  (#51)  STWG  CUT 
WRENCH  (#51)  STUG  BENE 

\ 

WRENCH  (#51)  STHG  ASS)! 

\ 

IJDC&irU  QTUC 


DCLASS  refines  the  group. 


The  user  selects  "Display  group”... 


Figure  3.6-4 

OCLASS  Sorting  Example 
(continued) 


70 


DCLASS  INPUT\OUTPUT 


ANNOTATION 


DISPLAY  Selected  Group 

1  -  ID  is  S  Code 

2  -  ID  is  S  Code  I  3  Variables  .  . .  "BY  id  #s  and  Description" 

3  -  ID  is  t  Description 

4  -  ID  is  S  Codes,  Keys,  Variables 

5  -  ID  is  1  Paths 
12  -  E::it 

-=>3 


***  ENTER  EXIT  TO  TERHINATE  DISPLAY  *** 


038 

31  SEA  CHE5T  STIFFENER  CUT 

TA 

H10031 

043 

31SEA  CHEST  BAFFLE  CUT 

TA 

H  1  0  0  3  1 

145 

31  SEA  CHEST  STIFFENR  CUT 

TA 

H  1  0  0  3  1 

15031  SEA  CHEST  BAFFLE  CUT 

Ta 

H  1  0  0  3  1 

155 

31  SEA  CHEST  STIFFENER  CUT 

TA 

H  1  0  0  3  1 

159 

31  SEA  CHEST  BAFFLE  CUT 

TA 

H  1  0  0  3  1 

164 

31  SEA  CHEST  STIFFENER  CUT 

TA 

H  1  0  0  3  1 

168 

3 1SEA  CHEST  BAFFLE  CUT 

TA 

H  1  0  0  3  1 

-RETURN-  to  Continue 

» 


DCLASS  displays  the  group. 


DISPLAY  Selected  Grouo 

1  -  ID  is  i  Code 

2  -  ID  is  S  Code  i  3  Variables 

3  -  ID  is  S  Description 

4  -  ID  is  &  Codas,  Keys,  Variables 

5  -  ID  is  l  Paths 
12  -  Exit 

-> 


Figure  3.6-4 

DCLASS  Sorting  Example 
(continued) 
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DCLASS  INPUT/ OUTPUT 


ANNOTATION 


***  HAIN  MENU  *** 

CHDOSE  OPTION: 

1  -  Tree  Processing 

2  -  Select  and  Display  ID  4s 

3  -  User  Defined  System 

4  -  Data  Base  Statistics 

5  -  Select  New  Tres 

6  -  Help  Inforaation 

10  -  DCLASS  Manager 

11  -  Stop 
4-=>l 

Enter  ID  4 
4  »03o 

Enter  Descriptions  31  SEA  CHEST  STIFFENER  CUT 

» 

-  enter  work  package  number 

Value  =  9? 

»10 

-  ENTER  HULL  NO. 

Value  =  61 

» 


» 


-  ENTER  BLOCK  NO. 
Value  =  31 


-  ENTER  ZONE  NO. 

Value  =  11 

» 

-  ENTER  SUB  -  ZONE  NO. 

Value  =  15 

» 


PRODUCT  ASPECTS  BY  WORK  TYPE 
*  1  -  HULL  BLOCK  CONSTRUCTION 

2  -  ZONE  OUTFITTING 

3  -  ZONE  PAINTING 
**>SA 


Choose  Option: 

1  -  Review  Choices 

2  -  Continue 


Step  4  begins  at  the  MAIN  MENU  by  selecting 
option  No.  1,  Tree  Processing. 


The  user  enters  the  ID  No.  of  the  interim 
product  to  be  assigned  to  Work  Package  No.  10. 

DCLASS  displays  the  current  description  and 
prompts  the  user  for  a  revision. 

The  user  does  not  wish  to  revise  the  description 
and  so  depresses  the  enter  key. 

DCLASS  displays  the  current  Work  Package  No. 
and  prompts  the  user  for  a  revision. 

The  user  enters  the  revised  value  "10" 

DCLASS  displays  the  current  Hull,  Block,  and 
Sub-Zone  numbers  in  turn,  each  time  prompting 
the  user  for  a  revision.  The  user  depresses  the 
enter  key  in  each  case. 


DCLASS  displays  the  "PRODUCT  ASPECT  BY  WORK  TYPE' 
menu  with  an  asterisk  to  indicate  the  current 
selection  and  prompts  the  user  for  a  revision. 
The  user  enters  the  command  "SA“  to  indicate  the 
code  will  remain  the  same. 

DCLASS  bypasses  the  remaining  code  menus  and 
proceeds  to  the  ID  disposition  menus. 


***  GLD  Entry:  038 

Choose  Option: 

1  -  Store  ID  4 

2  -  Change  ID  Nane 

3  -  NO  Store 
=>i 

ID  4  STORED:  038 
Code=H  1  0  0  3  1 
***  HAIN  MENU  *** 

CHOOSE  OPTION: 

1  -  Tree  Processing 

2  -  Select  and  Display  ID  is 

3  -  User  Defined  System 

4  -  Data  Base  Statistics 

5  -  Select  Hew  Tree 

6  -  Help  Inforaation 

10  -  DCLASS  Manager 

11  -  Stop 


TA 


The  user  elects  to  store  the  ID  with  its  new  Wor] 
Package  No. 


DCLASS  confirms  the  storage  and  returns  to  the 
MAIN  MENU. 


Figure  3.6-5 

DCLASS  Work  Package  Assignment 
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SECTION  4 
Related  Subjects 

Section  Four  briefly  familiarizes  the  reader  with  several 
aspects  of  shipbuilding  impacted  by  the  use  of  a  PWBS 
classification  and  coding  system. 

SECTION  CONTENTS 

4.1  Introduction 

4.2  Setting  Up  a  Storage  and  Retrieval  System 

4.3  Tailoring  the  Classification  and  Coding  System  to  a 
Particular  Shipyard 

4.4  Transitional  Systems 

4.5  Interim  Product  Identification  Schemes 

4.6  Standardization 

4.7  Computer  Aided  Process  Planning 


4.1  INTRODUCTION 

In  1984  the  Society  of  Manufacturing  Engineers 
described  group  technology  as  a  synergistic  tool, meaning  its 
total  effect  on  a  company  is  greater  than  the  sum  of  its 
individual  effects.  What  this  means  to  a  company  as  large 
and  complex  as  a  shipyard  is  that  the  introduction  of  PWBS 
classification  and  coding  will  have  a  significant  effect  on  the 
organization  of  the  shipyard  and  change  the  way  that  many 
things  are  done. 

Included  in  this  section  are  brief  discussions  of  topics 
which  this  study  found  to  be  significant  either  during  the 
transition  from  traditional  shipbuilding  to  PWBS  methods 
or  those  which  will  become  important  as  further 
modernization  is  pursued.  The  PWBS  classification  and 
coding  system  presented  in  this  manual  was  configured  to 
provide  a  foundation  for  modernization  that  should  enable  a 
shipyard  to  consider  many  of  the  “high-tech”  manufacturing 
technologies  that  have  little  application  to  traditional 
shipbuilding. 

4.2  SETTING  UP  A  STORAGE  AND  RETRIEVAL 
SYSTEM 

During  the  course  of  its  research,  this  study  visited 
several  companies  that  were  using  classification  and  coding 
systems  for  storage  and  retrieval  of  part  information.  It 
became  apparent  that  the  organizational  considerations 
involved  in  setting  up  such  a  system  were  complex  and 
perhaps  a  good  candidate  for  a  separate,  follow-on  study.  In 
any  event  a  complete  technical  discussion  of  this  subject 
was  clearly  beyond  the  time  and  budget  parameters  of  this 
effort.  This  study  is,  however,  responsible  for  reporting 
what  it  witnessed  to  the  shipbuilding  community.  The 
following  paragraphs  summarize  what  this  study  learned 
concerning  setting  up  a  storage  and  retrieval  system. 


1.  Manual  vs.  Computer 

A  few  of  the  companies  were  using  a  manual  storage  and 
retrieval  system  which  typically  took  the  form  of  part 
sketches  or  part  information  sheets  being  stored  in  filing 
cabinets  in  numerical  sequence  according  their  group 
assignment  The  majority  of  companies,  however,  used 
computers  for  part  storage  and  retrieval.  The  key  factor 
which  divided  the  manual  users  from  the  computer  based 
users  was  the  scope  of  the  application.  The  manual  users 
typically  used  classification  and  coding  as  a  means  of 
organizing  small  purchased  and  fabricated  parts.  The 
computer  based  users  were  using  classitlcation  and  coding  to 
organize  purchased  and  fabricated  parts,  but  in  many  cases 
they  had  tied  the  information  available  from  their  parts 
classification  and  coding  system  into  computer  based 
material  requirements  planning  systems,  process  planning 
systems  and  automated  purchasing  systems.  Interestingly, 
most  of  the  companies  using  manual  systems  had  plans  to 
convert  to  a  computer  based  system  once  they  had 
assimilated  the  organization  changes  made  when  they 
implemented  group  technology. 

2.  Using  Consultants 

Many  of  the  group  technology  users  visited  had  used  the 
services  of  a  consultant  during  the  implementation  of  their 
classification  and  coding  system.  Many  of  these  users 
stressed  the  importance  of  having  their  employees  work 
closely  with  the  consultants  to  ensure: 

1.  The  system  is  carefully  structured  to  meet  the  needs 

of  the  company,  and 

2.  A  complete  understanding  of  the  system  is  retained 

by  the  company 
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3.  Management 

Many  of  the  group  technology  users  visited 
recommended  that  a  separate  department  section  or  group  of 
individuals  be  formed  which  would  be  responsible  for 

1  Implementing  the  system 

1  Providing  system  training 

1  Adding  to  or  deleting  parts  from  the  system 

1  Controlling  access  to  the  system 

1  Maintaining  the  system  and 

1  Expanding  the  capability  of  the  system. 

In  relatively  large  applications,  a  key  person  with  special 
knowledge  was  also  recommended  in  each  department  which 
had  access  to  the  system. 

43  TAILORING  THE  CLASSIFICATION  AND  CODING 
SYSTEM  TO  A  PARTICULAR  SHIPYARD 

This  study  developed  a  classification  and  coding  system 
which  is  capable  of  defining  the  work  content  of  an  interim 
product  to  a  level  which  was  determined  by  two 
considerations. 

1.  This  study  was  funded  by  a  panel  made  up  of 
representatives  from  many  shipyards  using  money 
provided,  in  part,  by  the  Government.  It  was 
therefore  required  to  develop  a  classification  and 
coding  system  which  would  be  usable  by  many 
shipyards  and  was  not  unique  to  any  one  in 
particular.  To  a  small  degree,  this  requirement 
affected  the  scope  of  interim  product  definition 
provided  by  the  attributes. 

2.  Classification  and  coding  systems  traditionally  are 

derived  from  a  detailed  census  of  work  passing 
through  a  manufacturing  facility  in  a  given  period  of 
time.  Because  most  domestic  shipyards  are  in  a 
transitional  stage  between  system  oriented  and 
product  work  oriented  work  methods,  no  such  census 
was  available  to  this  study.  It  therefore  relied 
heavily  upon  previous  publications  of  the  National 
Shipbuilding  Research  Program  for  attribute 
selectionj  which  also  affected  its  scope  of  interim 
product  definition. 

A  particular  shipyard  can,  however,  expand  the  system’s 
capability  to  define  the  work  content  of  an  interim  product 
to  .suit  its  own  requirements.  This  should  be  attempted  only 
after  considerable  use  of  the  system  in  its  present 
configuration  has  revealed  the  need  for  greater  definitive 
capability.  Prior  to  adding  new  attributes,  the  following 
questions  should  be  considered. 

1.  Do  the  new  attributes  reflect  differences  in  interim 
products  which  are  significant  to  production  i.e., 
will  the  new  attributes  reflect  a  distinction  in  work 
station  assignment? 


2.  Do  the  new  attributes  fit  into  the  five  characteristics 
discussed  in-section  3.3.1?  If  not  an  additional  digit 
may  have  to  be  added  to  the  code  format  Note  In 
many  of  the  manufacturing  levels  the  fourth  digit  is 
not  used  and  is  available  for  other  attributes. 

An  example  is  presented  below  to  illustrate  how  the 
classification  and  coding  could  be  expanded  to  satisfy  the 
need  of  a  hypothetical  shipyard  to  further  define  the  work 
content  of  its  interim  products. 

The  Problem  -  After  becoming  familiar  with  the 
classification  and  ceding  system  Nonesuch  Shipyard  found 
that  it  needed  to  add  attributes  which  distinguished  between 
interim  products  which  contained  steel  welding  and  those 
which  contained  aluminum  welding.  Their  work  load  was 
very  heavy,  and  almost  evenly  divided  between  aluminum 
ships  and  steel  ships.  Experience  had  shown  that  it  was 
more  productive  to  maintain  separate  work  centers  for 
aluminum  and  steel  welding.  It  was  necessary,  then,  to 
reflect  this  distinction  in  the  classification  and  coding 
system. 

The  Solution  -  This  could  be  accomplished  in  several 
ways.  The  distinction  between  aluminum  and  steel  welding 
constitutes  a  difference  in  problem  area.  To  maintain  the 
integrity  of  the  terminology  of  the  system,  this  distinction 
should  occur  in  either  the  fourth  or  fifth  digits  of  the  code 
format  which  represent  problem  areas. 

If  the  distinction  is  only  significant  to  the  hull  block 
construction  manufacturing  levels  then  the  distinction  could 
be  made  in  the  fourth  digit  as  shown  in  Figure  4.3-1  within 
the  block  assembly  manufacturing  level. 

If  the  distinction  is  significant  to  a  manufacturing  level 
which  uses  the  fourth  digit,  as  the  on  block  outfitting 
manufacturing  level  does,  the  distinction  could  be  made  in 
the  fifth  digit  as  shown  in  Figure  4.3-2. 

This  example  was  included  to  illustrate  a  method  for 
expanding  the  classification  and  coding  system  and  should 
not  be  interpreted  as  a  recommendation  that  the  system  be 
revised  to  include  attributes  which  distinguish  between 
aluminum  and  steel  welding. 

The  classification  and  coding  example  included  in 
Section  3.6  was  performed  in  part  to  test  the  descriptive 
capability  of  the  system.  The  results  of  this  example, 
discussed  in  Section  3.7,  should  be  reviewed  prior  to 
expanding  the  system. 

4.4  Traditional  Systems 

During  its  work,  this  project  became  aware  of  and  in 
some  cases  reviewed  shipbuilding  classification  and  coding 
systems  which  could  best  be  called  transitional  systems, 
i.e.,  systems  that  were  neither  wholly  system  oriented  nor 
product  work  oriented  but  rather  a  little  of  each. 
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The  transition  from  traditional  system  oriented 
shipbuilding  to  the  product  work  oriented  methods  promoted 
by  this  and  other  publications  of  the  National  Shipbuilding 
Research  Program  is  a  complex  one.  Aspects  of  this 
transition  which  involve  classification  and  coding  are 
discussed  below. 

1.  Scope  of  Work  Definition 

The  classification  and  coding  system  developed  by  this 
study  has  the  capability  to  describe  over  8,000  different 
types  of  interim  products.  The  typical  shipyard  using  a 
system  oriented  classification  and  coding  system  can  describe 
the  work  content  of  its  interim  products  to  but  a  fraction  of 
this  level  of  definition.  The  management  and  organizational 
capability  required  to  assimilate  not  only  the  change  in  work 
breakdown  structure  but  the  relative  higher  level  of  interim 
product  definition  is  substantial. 

For  this  reason,  many  shipyards  make  this  transition  in 
a  multiple  phase  program  assimilating  the  required  changes 
over  a  period  of  time  spanning  several  shipbuilding  projects. 
These  programs  implement  the  new  classification  and  coding 
system  in  phases  which 

a.  Progressively  increase  the  descriptive  capability 

of  the  system  over  a  period  of  time  and/or, 

b.  Limit  the  implementation  to  a  small  portion  of  the 

shipyard  in  each  phase. 

2.  System  Oriented  Cost  Collection  and  Craft 

Labor  Requirements 

Some  shipowners  require  construction  cost  to  be  reported 
in  a  system  oriented  format .  Also,  many  shipyards  employ 
union  labor  with  a  system  oriented  craft  structure  which 
restricts  cross-craft  work.  These  requirements  can 
complicate  both  interim  product  identification  and 
classi.fication.  Although  it  devoted  considerable  research  to 
the  question,  this  project  found  no  reasonable  method  to 
incorporate  system  oriented  attributes  in  the  classifiocation 
and  coding  SyStem. 

45  Interim  Product  Designation  Schemes 

During  the  research  phase  of  this  project  it  became 
apparent  that  many  users  of  group  technology  utilized  two 
distinct  and  separate  coding  systems.  One  system  a 
classification  and  coding  system  like  the  one  provided  in  this 
manual  described  specific  characteristics  of  a  part  or  product 
which  enabled  it  to  be  grouped  with  those  similar  to  it.  The 
other  system  designated  each  part  or  product  as  an  entity  and 
in  some  way  distinguished  it  from  all  other  parts  or 
products. 

As  the  development  of  the  classification  and  coding 
system  moved  into  its  final  stages  and  the  project  team 
began  to  envision  its  use,  it  became  apparent  that  a  means 
of  distinguishing  between  interim  products  with  similar 


codes  was  needed  For  example  there  seemed  to  be  little 
value  in  having  a  list  of  all  similar  interim  products  aboard  a 
ship  if  the  list  contained  several  hundred  entries.  Clearly,  a 
means  of  segregating  interim  products  by  location  within 
the  ship  was  required.  Further  study  of  this  requirement 
established  the  following  goals. 

1  Each  interim  product  should  be  assigned  an  address 
that  located  it  within  a  ship,  and 

1  The  address  should  be  hierarchically  cofigured  to 
designate  disposition  of  an  interim  product  for  later 
assembly  of  a  larger  interim  product. 

Unlike  the  classification  and  coding  system  the 
development  of  an  interim  product  designation  system  was 
not  a  goal  of  this  study.  The  various  participants  in  the 
study,  including  the  sponsor,  felt  that  such  a  goal  was 
unviable  because 

1.  Many  shipyards  already  had  interim  product 
designation  systems  in  place  and, 

2.  The  development  of  an  interim  product  designation 
system  that  met  the  varying  requirements  of-several 
shipyards  may  be  undesirable  if  not  impossible. 

However,  because  an  interim  product  designation  system 
and  its  corresponding  classification  and  coding  system  are 
interdependent  this  project  had  to  envision,  if  only  in  a 
conceptual  way,  some  form  of  interim  product  designation 
system.  The  details  of  this  interim  product  designation 
system  are  discussed  here  only  on  a  conceptual  level  and 
only  to  the  degree  that  they  interact  with  the  classification 
and  coding  system.  Its  inclusion  in  this  manual  should  not 
be  construed  as  an  endorsement  of  it,  nor  is  it  complete  to 
the  degree  that  would  enable  its  use  in  a  shipyard.  It  is 
included  only  for  the  purposes  of  example  and  illustration. 

The  interim  product  designation  system  envisioned  by  this 
project  is  made  up  of  the  five  items  shown  in  Figure  4.5-1. 

They  are: 

1.  Hull  No.  Designation  -  Distinguishes  one  ship 
from  another  within  the  shipyard. 

2.  Block  No.  Designation  -  Distinguishes  one 
block  from  others  of  a  single  ship. 

3.  Zone  No.  Designation  -  Distinguishes  one 
zone,  e.g.,  block  semi-block  outfit  zone,  or  paint 
zone,  from  others  within  a  ship  or  block 

4.  Sub-zone  No.  Designation  -  Distinguishes  one 
sub-zone  e.g.  sub-block  or  unit  from  others  within  a 
single  zone. 

5.  Work  Package  No.  Designation  -  Designates 
work  package  assignment. 
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1.  Hull  No.  Designation 

2.  Block  No.  Designation 

3.  Zone  No.  Designation 

4.  Sub-zone  No.  Designation 

5.  Work  Package  No.  Designation 


xx-xx-xx-xx-xx 


Figure  4.5-1 


The  interim  product  designation  number  defines  the 
geographic  location  of  an  interim  product  in  relation  to  the 
rest  of  the  ship.  Like  the  classification  and  coding  system 
the  interim  product  designation  scheme  is  hierarchically 
configured  with  the  designations  becoming  more  specific 
from  left  to  right.  In  this  way,  later  disposition  of  an 
interim  product  is  indicated.  Because  the  classification  and 
coding  system  defines  a  broad  spectrum  of  work  content, 
ranging  from  part  fabrication  to  block  erection  and  test,  the 
interim  product  designation  scheme  must  also  be  able  to 
identify  the  location  of  a  large  range  of  interim  products.  In 
this  way,  the  two  are  interdependent. 

Research  indicated  that  it  would  be  valuable  if  the 
interim  product  designations  utilized  intelligent  characters 
i.e.,  characters  which  symbolically  represented  specific 
information.  Intelligent  characters  were  used  in  the  zone 
designation  to  symbolically  represent  a  zone  type.  They 
were 


CHARACTER  SUB-ZONE  TYPE 


lx  -4x  Structure  Sub-zone 

5X  -8X  Outfit  Sub-zone 

9x  Paint  Sub-zone 


In  developing  an  interim  product  designation  system  care 
should  be  taken  to  use  intelligent  characters  only  where  they 
would  represent  information  significant  to  interim  product 
location  and  not  duplicate  information  contained  in  the 
PWBS  code. 


The  two  examples  above  use  numerals,  however  letters 
could  be  used  if  the  sorting  methods  could  accommodate 
them. 


Further  intelligence  could  also  be  incorporated  into  the 
system  by  numbering  zones  and  sub-zones  sequentially  from 
the  bow,  aft,  and  from  the  baseline,  up. 


CHARACTER  ZONE  TYPE 


I  x  Shell  Semi-Block 

2x  Deck  Semi-Block 

3x  Transverse  Structure  Semi-Block 

4x  Longitudinal  Structure  Semi-Block 

5x  Miscellaneous  Structure  Semi-Block 

6x  Prismatic  Zone 

7x  Prismatic  Zone 

8X  Prismatic  Zone 

9x  Miscellaneous  Zone 


Miscellaneous  structure  semi-blocks  would  encompass 
masts,  stacks  and  rudders.  Prismatic  zones  encompass  any 
three  dimensional  space  in  which  a  worker  could  do  work. 

Intelligent  characters  were  also  used  in  the  sub-zone 
designation  to  symbolically  represent  sub-zone  types.  They 
were 


A  final  intelligent  character  is  needed  to  indicate  that  a 
designation  is  not  needed.  For  example,  block  assembly 
level  work  may  not  require  a  sub-zone  designation.  On 
board  outfitting  level  work  may  not  require  a  block 
designation,  but  still  use  a  zone  and  sub-zone  designation. 
In  cases  where  a  designation  is  insignificant,  or  nil,  "99"  is 
entered  in  place  of  the  designation.  "99"  is  also  used  to  hold 
space  for  data  to  be  entered  at  a  later  time. 

The  use  of  this  interim  product  identification  system  is 
illustrated  in  the  classification  and  coding  example  in 
Section.  3.6,  Using  the  System  -  An  Example. 

4.6  STANDARDIZATION 

In  its  research,  this  study  found  several  companies  that 
had  used  their  classification  and  coding  systems  to  promote 
standardization.  By  reviewing  their  part  population,  by 
group,  they  eliminated  duplicate  and  inactive  parts  and  those 
that  differed  in  insignificant  ways  from  other  members  of 
their  group.  When  this  had  been  done,  the  remaining 


population  of  parts  were  sufficiently  unique  and  necessary  to 
justify  their  continued  production.  Many  companies 
designated  frequently  used  parts  which  could  be  efficiently 
mass  produced  as  standards  within  a  group.  These  standards 
were  usually  designated  by  a  suffix  to  the  group  code. 

Standards  could  be  used  with  the  classification  and 
coding  system  to  designate  comrnordy  used 

1  Structural  configurations  for  brackets,  foundations, 
web  frames,  bulkheads,  etc., 

1  Outfitting  unit  configurations  for  various  machinery, 
and 

1  Outfitting  configurations  for  pipe,  vent  and  wire 
runs. 

For  example,  if  a  shipyard  frequently  used  a  particular 
type  and  size  of  structural  bracket  in  the  production  of  its 
ships,  it  might  be  advantageous  to  designate  that  bracket  as 
a  standard  type  and  identify  it  with  a  suffix  that  captured  this 
information  and  relayed  it  to  the  designer,  steel  fabrication 
shop  and  installer.  Assuming  that  the  bracket  possesses  the 
following  attributes: 

1.  It  was  a  discrete  part  i.e.,  not  an  assembly, 

2.  It  was  an  internal  part,  cut  from  plate, 

3.  It  did  not  require  plate  joining, 

4.  It  did  require  cutting, 

5.  It  did  require  that  a  flange  be  bent  onto  one  side, 
then: 

1.  Its  group  code  during  the  cutting  process  would 
be  H10021, 

2.  Its  group  code  during  the  bending  process  would  be 
H10022. 

To  identify  this  bracket  as  a  standard  bracket,  a  suffix 
is  added  to  its  group  code  when  it  is  an  interim  product  before 
cutting  and  before  bending.  For  this  example,  an  intelligent 
suffix,  i.e.  one  which  conveys  information  is  used.  In  the 
suffix  B6,  the  letter  "B”  symbolically  identifies  this  part  as  a 
bracket  and  the  numeral  6  is  a  serial  number  which 
identifies  it  as  bracket  type  6. 

The  complete  group  code  for  this  bracket  would  be 

1.  Hloo21-B6  during  the  cutting  stage,  and 

2.  H10022-B6  during  the  bending  stage. 

The  advantages  of  designating  standard  parts  and 
assemblies  in  this  way  arc 

1.  Standard  parts  can  be  cataloged  for  repeated  use  by 
designers. 

2.  Numerical  control  data  for  standard  parts  can  be  stored 
and  retrieved. 

3.  Fabrication  and  installation  instructions  and  process 
plans  can  be  stored  arid  retrieved. 

4.  Part  geometry  can  be  stored  in  CAD/CAM  system 
parts  libraries  for  use  by  designers  and  numerical 
control  post  processors. 


4.7  COMPUTER  AIDED  PROCESS  PLANNING 

One  goal  of  this  study  was  to  develop  a  classification 
and  coding  system  that  would  serve  as  a  foundation  for  a 
computer  aided  process  planning  system.  To  accomplish 
this  goal,  the  study  configured  the  classification  and  coding 
system  to  fulfill  two  requirement 

1.  Operate  in  a  computer  aided  manner  using  software 
and  hardware  which  had  demonstrated  the  capability 
to  perform  computer  aided  process  planning,  and 

2.  Provide  a  sufficient  level  of  descriptive  capability  to 
enable  an  interim  product  to  be  assigned  to  a  generic 
production  process  work  station,  i.e.,  a  work  station 
common  to  several  shipyards.  This  assignment 
capability  was  limited  to  a  decision  based  solely 
upon  work  content  criteria. 

To  determine  and  fulfill  these  requirements,  this  study 
had  to  make  certain  assumptions  about  how  computer  aided 
process  planning  would  be  implemented  in  a  shipyard. 
These  assumptions  were  based  upon  research  which  included 
visits  to  companies  that  utilized  computer  aided  process 
planning,  discussions  with  vendors  of  such  systems  and  the 
review  of  pertinent  literature.  Where  possible  this  study 
tried  to  avoid  assumptions  that  would  limit  a  shipyard’s 
options  concerning  system  architecture,  software  and 
hardware.  A  summary  of  these  assumptions  is  provided 
below. 

1.  Approach 

In  its  research  this  study  found  many  companies 
approached  computer  aided  process  planning  (CAPP)  as  a 
compilation  of  information  and  decisions.  It  assumed  the 
shipbuilding  industry  would  follow  a  similar  approach. 
More  specifically,  this  study  assumed  that  information 
would  be  collected  and  decisions  made  in  a  highly  structured 
classification,  or  decision  tree  process. 

“Product  Work  Breakdown  Structure”,  Section  1.3 
briefly  mentions  three  types  of  information  that  would  be 
required  for  a  shipbuilding  CAPP  system  in  its  discussion  of 
work  package  productivity  value.  It  equates  productivity 
value  (PV)  to  a  function  of  process  time  (T),  resource 
quantity  (N),  and  quality  of  work  circumstance  (Q).  Before 
CAPP  could  be  implementer  decision  trees  containing  the 
attributes  and  three  structures  for  interim  product  T,  N,  and 
Q  would  have  to  be  developed. 

Figure  4.7-1  shows  conceptually,  how  the  classification 
and  coding  system  could  be  linked  to  decision  trees  capturing 
Q  and  T  information  (trees  can  be  linked  in  this  manner  in 
DCMSS  using  keys).  In  this  illustration,  the  PWBS  code 
enables  selection  of  the  proper  “Q”  tree  and  the  Q  coding 
enables  selection  of  the  proper  “T”  tree.  All  three  codes  are 
then  read  and  the  proper  algorithm  selected.  The  correct  “N 
is  entered  into  the  algorithm  along  with  varibles  gathered  in 
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tree  transversal  to  compute  in-process  time.  This  time  could 
then  be  compared  to  values  from  previously  accomplished 
similar  work.  If  the  time  value  was  acceptable  the  interim 
prcduct  could  then  be  scheduled  to  a  specific  work  station. 
If  the  value  was  unexceptable  the  process  could  be  repeated 
selecting  different  “Q”  attributes. 

An  example  of  a  “Q”  decision  tree  configured  for  welding 
processes  is  shown  in  Figure  4.7-2.  An  example  of  a  “T” 
decision  tree  for  hand  held  shielded  metal  arc  welding  is 
shown  in  Figure  4.7-3.  Due  to  the  complexity  of  the  time 
computation  algorithm  no  example  is  offered. 

The  computer  aided  process  planning  systems  which  this 
study  witnessed  enabled  work  station  selection  by  presenting 
the  user  with  a  list  of  work  stations  which  could  accomplish 
the  work  indicated  by  the  various  codes.  The  work  station 
list  had  been  prioritized  to  show  the  optimum  work  station 
for  the  work  in  question  followed  by  the  first  second  and 
third  alternates.  After  the  planner  selected  a  workstation  the 
interim  product  was  entered  into  the  work  schedule  and  start 
and  complete  dates  were  calculated.  The  planner  then  had  the 
option  of  confirming  the  schedule,  altering  the  start  or 
complete  date,  or  selecting  a  different  work  station. 


This  approach  has  been  provided  to  depict,  conceptually, 
the  approach  this  study  felt  would  lead  to  computer  aided 
process  planning  in  a  shipyard.  Its  illustrations,  particularly 
those  concerning  welding  work  are  conceptual  in  nature  and 
am  not  intended  to  be  complete  treatments  of  the  subject 

2.  software 

This  study  assumed  that  computer  aided  process  planning 
would  be  accomplished  using  DCLASS  software.  This 
assumption  was  made  for  the  reasons  cited  in  Section  3.4, 
Computer  Aided  Classification  and  Coding  and  because  it 
was  the  only  product  which  demonstrated  the  capability  to 
handle  the  complexities  of  computer  aided  process  planning 
in  a  shipyard  as  this  study  perceived  them.  Appendix  B, 
DCLASS  Information  contains  information  which  discusses 
computer  aided  process  planning  with  DCLass.. 

3.  Hardware 

By  assuming  that  a  computer  aided  process  planning 
system  would  utilize  DCLASS  software,  this  study  assumed 
by  implication  that  computer  hardware  compatible  with 
DCLASS  would  be  used.  Because  DCLASS  is  compatible 
with  a  sufficient  variety  of  computer  hardware,  this  was  felt 
to  be  a  valid  assumption.  Appendix  B.,  DCLASS 
Information,  contains  a  list  of  DCLASS  compatible 
hardware. 


Figure  4.7-1 
CAPP  Decision  Trees 
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Figure  4.7-2  Process  Selection  Decision  Tree  for  Welding 
Work  Content 
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Figure  4.7-3  In  Process  Time  Parameter  Decision  Tree  for 
Hand  Held  Shielded  Metal  Arc  Welding 
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APPENDIX  A 


Resources 


Appendix  A  provides  the  reader  with  resources  to 
augment  the  application  of  classification  and  coding 
described  in  this  manual. 

APPENDIX  A  -  RESOURCES  Page 

Glossary  A-2 

Literature  A- 3 

Commercial  Enterprises  AA 

Rofessional  Organizations  A-5 

Govemnmt  Sponsored  Research  Programs  A-6 
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GLOSSARY 


Attribute  -  An  inherent  characteristic  of  a  Part  or  PRODUCT, 
e.g.  length,  width,  raw  material,  geometry. 

CAPP  -  An  acronym  for  Computer-Aided  Process 
Planning. 

Classify  -  To  assign  a  part  or  product  to  a  group. 

Classification  and  Coding  System  -  A  structured 
arrangement  of  the  attributes  which  a  company  uses  to  sort 
its  parts  and  products  into  groups  and  an  abbreviated  means 
of  identifying  group  assignment. 

Classification  Tree  -  A  graphic  illustration  of  the 
structure,  attributes  and  codes  of  a  classification  and  coding 
system. 

Coding  -  A  system  of  letters  or  numbers  that  represent 
group  assignment. 

DCLASS  -  A  software  product  of  the  Brigham  Young 
University  CAM  Software  Research  Computer  Center. 
DCLASS  is  a  generic  decision  tree  processor  frequently  used 
in  computer  aided  classification  and  coding.  For  further 
information  see  Appendix  B  -  DCLASS  Information. 

Decision  Tree  -  A  graphic  means  of  portraying  a 
question  and  its  possible  answers. 

Family  Manufacturing  -  A  synonym  for  Group 
Technology. 

FMS  -  An  acronym  for  Flexible  Manufacturing  System. 

Group  -  A  number  of  parts  or  products  considered  together 
because  of  similar  attributes. 

Group  Technology  -  A  means  of  attaining  industrial  or 
commercial  objectives  by  scientifically  considering 
individuals  or  things  together  because  of  certain  similarities. 

Hull  Block  Construction  -  A  work  type  within 
Product  Work  Breakdown  Structure  concerned  with  the 
structure  of  a  ship. 

Interim  Product  -  The  end  result  of  any  one  stage  of 
production. 

Manufacturing  Level  -  A  characteristic  of  an  interim 
product  which  uses  attributes  for  interim  product  control  to 
differentiate  between  interim  products  at  different  points  in 
the  work  sequence  for  a  particular  work  type. 


Part  -  A  constituent  member  of  a  ship. 

Problem  Area  -  A  characteristic  of  an  interim  product 
which  uses  attributes  for  interim  product  description  to 
differentiate  between  interim  products  with  dissimilar  work 
requirements  within  a  particular  zone  type. 

Process  -  A  work  operation  performed  on  a  part  or 
product. 

Product  -  A  manufactured  item.  See  also  Interim  Product 


Product  Work  Breakdown  Stmcture  -  An  application 
of  Group  Technology  to  ship  assembly  work  oriented  to 
similarities  of  product  work. 

PWBS  -  An  acronym  for  Product  Work  Breakdown 
structure. 

Stage  -  A  characteristic  of  an  interim  product  which  uses 
attributes  for  interim  product  control  to  differentiate  between 
interim  products  at  different  points  in  the  work  sequence  for 
a  particular  problem  area. 

SWBS  -  An  acronym  for  Ship  Work  Breakdown  System. 

Work  Package  -  A  grouping  of  interim  products  for 
production. 

Work  Type  -  A  characteristic  of  an  interim  product  which 
uses  attributes  for  interim  product  description  to  differentiate 
between  interim  products  possessing  dissimilar  work 
requirements. 

Zone  -  A  characteristic  of  an  interim  product  which  uses 
attributes  for  interim  product  description  to  differentiate 
between  interim  products  with  dissimilar  production 
objectives  within  a  particular  manufacturing  level. 

Zone  Outfitting  -  A  work  type  within  product  work 
breakdown  structure  concerned  with  the  procurement, 
installation  and  testing  of  equipment  aboard  a  ship. 

Zone  Painting  -  A  work  type  within  Product  Work 
Breakdown  Structure  concerned  with  the  application  of 
surface  coatings  aboard  a  ship. 
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LITERATURE 


2.1  Periodicals 

Listed  below  are  periodicals  which  typically  contain 
articles  concerning  group  technology. 

1.  CAE.  commner-Aided  Engineerig  (ISSN  0733-3536). 

A  publication  of: 

Penton/IPC,  Inc. 

1 1 1 1  Chester  Avenue 
Cleveland,  Ohio  441 14 

2.  Journal  of  Ship  Production  (ISSN  8756-1417).  A 
publication  of: 

The  Society  of  Naval  Architects  and  Marine 
Engineers 

One  World  Trade  Center 
Suite  1369 

New  York  New  York  10048 

3.  manjfacturinEngineeri'ng  (ISSN  0361-0853).  A 
publication  of  the 

Society  of  Manufacturing  Engineers 

P.O.  Box  930 

Dearborn,  Michigan  48121 

4.  Naval  Engineers  Journal  (ISSN  0028-1425).  A 

publication  of: 

The  American  Society  of  Naval  Engineers 
1452  Duke  Street 
Alexandria,  Virginia  22314 

5.  Production  Engineering  (ISSN  0146-1737).  A 

publication  OE 

Pemton/IFC,  Inc. 

1111  Chester  Avenue 
Clevelant  Ohio  44114 


2.2  Papers 

All  of  the  professional  organizations  listed  in  Appendix 
A-5  maintain  libraries  of  technical  papers  produced  by  their 
members.  Many  of  these  papers  concern  group  technology. 
Since  these  libraries  are  updated  frequently,  it  is 
recommended  that  the  reader  contact  these  organizations  to 
learn  of  their  current  offerings. 

2.3  Books 

Like  many  forms  of  advanced  technology,  group 
technology  is  developing  and  changing  at  a  rapid  rate. 
Unfortunately,  this  situation  causes  publishers  to  be  very 
reluctant  to  produce  all  but  the  most  rudimentary  books  on 
the  subject.  Listed  below  are  those  books  which  this  study 
found  to  be  helpful. 

1.  Ground  Technology. .  An  Oveiview  and  Bibliography,  by 
Marving  F.  DeVries,  Susan  M.  Harvey  and  Viiav  A. 
Tipnis.  ‘Publication  No.  MDC  76-601  SPonsored  by 
Army  Materials  and  Mechanics  Research  Center. 
Available  from: 

Metcut  Research  Associates  Inc. 

3980  Rosslyn  Drive 
Cincinnati,  Ohio  45209 

2.  Guam  Technology  at  Work,  edited  by  Nancy  Lea  Hyer 
(ISBN  0-87263-154-0).  Published  by 

Society  of  Manufacturing  Engineers 
Publications  Development  Department 
Marketing  Services  Division 
One  SME  Drive 
P.O.  Box  930 
Dearborn,  Michigan  48121 

3.  introduction  to  firoun  Technology  in  Manufacturing  and 
by'R.  C.  Wilson  and  Robert  A.  Henry. 
Available  front 

University  of  Michigan 
Industrial  Development  Division 
Institute  of  Science  and  Technology 
2200  Bonisteel  Boulevard 
Ann  Arbor,  Michigan  48109 
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COMMERCIAL 

ENTERPRISES 


The  demand  for  group  technology  by  industry  has  created 
a  small  number  of  firms  or  institutions  which  provide  a 
variety  of  products  ranging  from  consulting  and  analysis  to 
turnkey  computer  integrated  manufacturing  systems.  Listed 
below  are  those  firms  that  this  study  became  aware  of  in  the 
course  of  its  work  Although  no  evaluation  is  offered 
concerning  relative  merit  of  these  firms  and  their  products,  it 
is  recommended  that  shipyards  implementing  group 
technology  survey  them  to  determine  possible  sources  of 
assistance. 


1.  Brigham  Young  University 
CAM  Software  Research  Center 
265  Tech 

Provo,  Utah  84602 
(801)  378-3895 

2.  Brisch,  Bim  &  Partners 

1656  S.E.  loth  Terrace 
Fort  Launderdale,  Florida  33316 
(305)  525-3166 


4.  The  Charles  Stark  Draper  Laboratory,  Inc. 
555  Technology  Square 

Cambridge  Massachusetts  02139 
(617)  258-2901 

5.  Organization  of  Industrial  Reseach,  Inc. 
240  Bear  Hill  Road 

Waltham, L  Massachusetts  02154 
(617)  890-4030 


3.  Computer  Aided  Manufacturing  -  International,  Inc. 
(CAM-I) 

611  Ryan  Plaza  Drive 
Suite  1107 

Arlington,  Texas  76011 
(817)  265-5328 
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PROFESSIONAL 

ORGANIZATIONS 


Listed  below  are  professional  organizations  known  to 
encourage  research,  sponsor  seminars  and  symposiums, 
publish  and  distribute  information  or  in  some  way  promote 
applications  of  group  technology. 


1.  American  Institute  of  Industrial  Engineers 
25  Technology  Park/Atlanta 
Norcross,  Georgia  30092 

2.  American  Society  of  Naval  Engineers,  Inc. 

1452  Duke  Street 
Alexandria,  Virginia  22314 

3.  The  British  Ship  Reseach  Association 
Wallsend  Research  Station 
Wallsen4  Tyne  &  Wear 
NE286UY 

United  Kingdom 


4.  Scciety  of  Manufacturing  Engineers 
Computer  and  Automated  Systems  Association 
One  SME  Drive 

P.O.  Box  930 
Dearborn,  Michigan  48121 

5.  The  Society  of  Naval  Architects  and  Marine 
Engineers 

One  World  Trade  Center 
Suite  1369 

New  York  New  York  10048 
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GOVERNMENT  SPONSORED 
RESEARCH  PROGRAMS 


The  Federal  Government  has  funded  research  and 
development  in  group  technology  in  an  effort  to  improve 
production  in  defense  related  industries.  Listed  below  are 
programs  of  this  nature  which  this  study  became  aware  of 
and  a  brief  description  of  each. 

The  Integrated  Computer-Aided  Manufacturing 
(ICAM)  Program  -  The  ICAM  Progrm  sponsored  by  the 
Air  Force,  generated  a  significant  body  of  documentation  and 
public  domain  software  pertaining  to  group  technology  in 
the  manufacture  of  aircraft.  Of  particular  interest  to 
shipbuilders  is  the  work  that  concerned  sheet  metal  parts. 
For  more  information  contact 

ICAM  CM  Library 

AFWAI/MLTC 

Wright  Patterson  AFB,  Ohio  45433 

2.  The  National  Shipbuilding  Research  Program 
(NSRP)  -  The  NSRP  has  produced  several  manuals  such  as 
this  one,  which  present  information  concerning  group 
technology  in  shipbuilding.  The  program  is  administered  by 
the  Ship  Production  Committee  of  the  Society  of  Naval 
Architects  and  Marine  Engineers  whose  address  is  in 
Appendix  AA. 
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APPENDIX  B 


DCLASS  INFORMATION 


Appendix  B  contains  information  provided  by  the  Brigham 
Young  University  CAM  Software  Research  Center. 


APPENDIX  B  -  DCLASS  INFORMATION  Page 

Information  Proceessing  Systems  B-3 

Computer-Aided  Process  Planning  B-24 

License  and  Fee  Structure  B-58 
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BBES£ 


InformationProcessing  Systems 


Brigham  Young  University 
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DCLASSIISER 


2/12/86 


A.  O.  Smith  Corporation 
ACEC,  Belgium 
Allied  Corporation 
Allison  Gas  Turbine 
AMP,  Inc. 

Amphenol  Products 
Arizona  State  University 
Autotrol  Technology  Co. 

AVCO  Aerostructures 
Beech  Aircraft  Corporation 
Bell  Helicopter  Textron,  Inc. 
Boeing 

Borg-Warner  Corporation 

Bruel  &  Kjaer,  Belgium 

Cable  Belt  Ltd.,  England 

Camberley  Enterprises 

Cameron  Iron  Works,  Inc. 

Caterpillar  Tractor 

Cessna  Aircraft  Company 

Chrysler  Corporation 

CIM  Consulting,  Denmark 

Cincinnati  Milacron 

Clark  Equipment 

COMASE,  Belgium 

Dana  Corporation 

Daniel  Industries 

DCP  Associates 

Denmark  Technological  Univ. 

Diamont  Boart,  Belgium 

Digital  Equipment  Corporation 

Dorm  Corporation 

Eastman  Kodak 

Eaton  Corporation 

EDS 

Electro  Scientific  Industries 

Emerson  Electric 

Evans  &  Sutherland  Corporation 

Faultless  Caster  Corporation 

Fluid  Regulators 

Ford  Aerospace 

Ford  Motor  Company 

Garrett  Corporation 

General  Motors  Corporation 

Gleason  Works 

Goodyear  Aerospace 

Grumman  Aerospace 

G.T.  Consultants  B.V.,  Holland 

HRB  Singer,  Inc. 

Hewlett  Packard 
Illinois  Central  College 
Imperial  Clevite 
Ingersoll-Rand,  Inc. 


J.  1.  Case 

John  T.  Hepburn,  Ltd. 

Kent  Communications 
Knoll  International,  Inc. 
Kohler  Company 
Lehigh  University 
Libbey  Owens  Ford 
Lord  Corporation 
Magnavox 

Management  Science,  Inc. 
Martin  Marietta 
McDonnell  Douglas 
Melroe  Company 
Miami  University 
Mixing  Equipment 
Molex,  Inc. 

Morton  Thiokol 
Northern  Telecom,  Ltd. 
Northrop  Corporation 
Owatonna  Tool 
Perkin  Elmer 
Productivity  Associates 
Raytheon  Company 
Ridge  Tool  Company 
Rockwell  International 
Rogers  Corporation 
Rolls-Royce  Ltd.,  England 
Saginaw  Steering  Gear 
Selenia  Autotrol,  Italy 
SME 

Sperry  Corporation 

St.  Lawrence  Seaway 

Storkdata,  Holland 

Swinburne  Australia  Institute 

Tektronix 

Teledyne  CAE 

Texas  Instruments 

Timken  Company 

Travenol  Laboratories,  Inc. 

United  Technologies 

Valtek,  Inc. 

Varian  Associates,  Inc. 
Vickers,  Inc. 

Warner  Electric 
Weber  State  College 
Westinghouse  Electric 
Weston  Controls 
Xerox  Corporation 
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DCLASS™ INFORMATION  SYSTEM 
AN  INTRODUCTION 


RESEARCH  BRIEF  #1 


Background 

since  its  creation  In  1975,  the  Computer-Aided 
Manufacturing  Laboratory  at  Brigham  Young 
University  has  been  1  engaged  in  advancing  research 
into  the  systems  integration  problems  of  the 
manufacturing  enterprise.  Directed  by  Dr.  Dell  K. 
Allen,  the  laboratory  has  emphasized  the 
development  of  software  that  can  link  together  the 
diverse  facets  of  a  manufacturing  company,  from 
design  through  production. 

DCLASS  is  one  result  of  this  research.  This 
syetem  was  developed  starting  in  1976  and  now  is 
licensed  commercially  by  a  wide  variety  of 
companies. 


DCIASS  Description 

DCLASS  is  an  acronym  for  Decision  and 
Clasification  Information  System.  It  is  a  general 
purpose  computer  system  for  processing 
classification  and  decision-making  logic.  The 
system  has  two  major  features: 


(1)  DCLASS  is  a  general  purpose  information 

tree  processor  that  allows  both  standard 
and  user  defined  logic. 

(2)  DCLASS  is  a  flexible  system  that  can  be 

easily  interfaced  to  the  user-s  own 
application  program  environment. 

Tree  Processor 

DCLASS  is  a  general  purpoee  tree  processor. 
The  tree  structures  may  contain  classification 
systems  or  user-defined  logic.  Figure  1 
illustrates  some  examples  of  trees  that  could  be 


used  with  DCLASS.  The  system  allows  the  tree  logic 
to  be  easily  created  and  tailored  by  the  technician 
or  engineer  user  instead  of  requiring  computer 
programming  specialists. 


Classification  Systems 

The  DCLASS  system  can  accommodate  any  known 
classification  system.  The  logic  behind  many 
commercially  available  classification  systems  has 
been  converted  to  trees  and  used  with  the  system. 
Once  in  a  tree  structure,  the  classification  may  be 
tailored  to  meet  specific  user  needs. 


User-Defined  Decision  Logic 

The  advanced  tree  processing  features  of 
DCLASS  allow  the  user  to  not  only  classify  items 
but  to  capture  company  specific  decision-making 
logic.  .  This  logic  can  then  be  used  to 
automatically  make  consistent  and  objective 
decisions  in  areas  such  as  process  planning, 
material  selection,  or  circuit  design. 

The  user-s  trees  provide  an  easily  visualized 
graphic  representation  of  a  company-s  technical 
knowledge.  Trees  are  very  useful  to  document  and 
analyze  existing  methodology.  Figure  2  shows  an 
example  of  user  defined  tree  logic. 
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then  finishes  are: 


Metal  Finishes 


Cad,  plate 


Zinc  plate 


or  Chrome  plate 


If  aluminum  A^odine 


then  finishes  are:  or  Anodize 


Figure  2 


Flexible  Subsystem 

Even  though  it  has  many  stand-alone 
capabilities,  DCLASS  is  intended  to  be  a  subsystem 
of  a  larger  user  application.  Because  of  the  high 
level  system  interface,  DCLASS  can  be  quickLy 
tailored  to  a  unique  application  environment  by  a 
very  small  team  of  programming  personnel.  An 
integrated  DCLASS  application  wifi  combine  the 
DCLASS  program  ana  user  trees  with  various  user 
application  programs  and  data.  (See  Figure  3) 


Computer  Systems 

The  DCLASS  system  is  written  In  ANSI  FORTRAN 
Iv.  It  contains  about  16,000  lines  of  FORTRAN  and 


Figure  1 
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Figure  3 


is  currently  supported  on  the  following  computer 
system: 


Computer 


Operating 


PDP-11 
VAX-11/780 
NP  3000 
IBM  370 
UNIVAC 1100 
IBM  PC-XT 


RSXIIM 

VMS 


CMS,  TSO 

0S1100 

DOS 


Conclusion 

As  more  companies  investigate  advanced 
computer  systems  in  Computer-Integrated 
Manufacturing  (CIFT),  many  realize  the  need  for 
systems  that  can  be  easily  tailored  to  their 
specific  user  and  system  needs.  DCLASS  has  been 
developed  aS  a  very  flexible  and  powerful  tool  to 
approach  many  problems  and  to  allow  the  user  to 
control  and  tailor  computer-aided  applications. 
Through  continuing  research  in  the  CAM  Laboratory, 
BTU  has  shown  its  commitment  to  be  an  innovative, 
partner  with  industry  to  develop  effective 
computer-oriented  solutions  to  many  of  the 
chellenges  faced  by  manufacturing  companies. 

R.  P.  MILLET 
8/18/83 
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RESEARCH  BRIEF  #2 


DCLASS™  CAPABILITIES 


The  following  is  a  brief  summary  of  DCLASS  The  capability  of  classifying  items  by  their 

capabilities  1  s  used  for  classification,  coding,  types  and  by  their  attributes  greatly  simplifies 

information  retrieval,  decision  making,  system  the  classification  of  complex  items.  A  significant 

integration,  and  artificial  intelligence  benefit  of  the  DCLASS  approach  is  that  known 

applications.  ’  It  is  hoped  that  this  information  classification  or  coding  schemes  may  be  readily 

will  prove  useful  in  evaluating  DCLASS  as  a  highly  formatted  into  DCLASS  trees.  Once  in  the  tree 

useful  programming  system  for  your  given  structure  these  classification  systems  are  very 

applications.  easy  to  update  and  maintain.  Desired  modification 

to  the  classification  trees  may  be  quickly  made  by 
DCLASS  Users  without  the  need  of  relying  on 
Classification  computer  specialists  or  consultants. 

The  benefits  of  classification  and  group 
technology  are  well  known.  The  CAM  Software  Coding 
Laboratory  is  developing  and  testing  a  number  of 

generic  classification  systems  for  all  aspects  of  Codes  often  provide  a  useful  shorthand 

the  CIM  Data  Base  including  those  for  mechanical  notation  to  aid  in  communication.  With  DCLASS,  the 

and  electronic  components,  gears,  fasteners,  raw  code  length  is  extremely  flexible.  It  can  be  3, 

materials,  and  material  properties  similar  to  those  12,  16,  or  any  number  of  digits  depending  upon 

shown  in  Figure  1.  These  trees  are  available  to  your  need.  As  shown  in  the  example  In  Figure  2, 

DCLASS  Users  as  part  of  the  demonstration  system.  various  parts  as  the  code  may  be  used  independently 

In  addition,  comprehensive  classification  systems  to  provide  pointers  into  specific  parts  of  the 

are  also  provided  for  fabrication  processes,  database  or  they  can  be  appended  to  make  a 

equipment,  and  tooling.  comprehensive  code  of  any  desired  length.  Some 
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FIGURE  2 

users  have  found  that  a  short  human-readable  code 
coupled  with  a  computer-readable  DCLASS  bit-string 
provides  excellent  resolution  of  even  minute  item 
details.  These  codes  can  be  fixed  length  monocodes 
or  polycodes  or  more  flexible  variable  length 
codes . 


Information  Retrieval 


Information  retrieval  with  DCLASS  technology 
is  much  faster  than  with  other  approaches.  The 
degree  of  match  between  the  defined  target  item  and 
what  is  currently  in  the  database  may  be  easily 
varied  from  a  perfect  match  to  any  user  specified 
degree  of  similarity.  DCLASS  retrieval  is  not 
limited  to  searching  and  sorting  on  a  fixed  length 
code.  AS  with  other  systems,  code  length  can  be 
variable.  as  shown  in  Figure  3,  internal  pointers 
dramatically  reduce  data  baSe  access  time  and  for 
the  first  time  provide  a  viable  approach  to  rapid 
information  retrieval. 


INFORMATION  RETRIEVAL 


Figure  3 

DCLASS  can  be  used  in  conjunction  with 
existing  database  systems  for  storage  of  codes  and 
variables  and  for  subsequent  retrieval  using 
traditional  database  management  systems.  This 
provides  a  very  easy  linkage  between  various 
CAD/CAH  Databases  and  application  programs. 


Decision-Making 

DCLASS  provides  a  very  simple  and  straight¬ 
forward  way  of  helping  a  company  capture  Its 
decision-making  logic  before  its  technical 
specialists  retire.  The  speed  and  low  cost  of 
programming  with  DCLASS  allows  even  non-computer 
programmers  to  quickly  capture  decision  logic  to 
dramatically  increase  their  productivity.  DCLASS 
trees  contain  the  logic,  sequences,  calculations. 


keys,  data  elements,  and  codes  used  for  such 
diverse  activities  as  Generative  Process  Planning, 
Automated  Time  Standards,  N/C  and  Robotic 
Programming,  Automatic  Materials  Selection,  and 
even  Parametric  Product  Design.  Decision  trees 
permit  the  user  to  relate  conditions  and  actions. 
For  1  example,  in  the  figure  below,  a  simple  decision 
tree  is  shown  for  cutting  various  materials. 


C1 

C  2 

C  3 

ACTION 

PLAIN 

"SHEAR" 

SHEET 

CONTOURED 

"BANDSAW* 

STEEL 

PLAIN 

"SHEAR" 

PLATE 

CONTOURED 

"FLAME  CUT" 

PLAIN 

ETC. 

SHEET 

• 

• 

CONTOURED 

• 

ALUMINUM 

PLAIN 

PLATE 

CONTOURED 

CUTTING 


Figure  4 


The  conditions  include  material  type,  material 
form  and  thickness,  and  whether  the  cut  is  plain  or 
contoured.  The  possible  actions  for  each  set  of 
conditions  includes  shearing,  bandsawing, 
flamecutting,  etc.  No  other  system  comes  close  to 
the  power,  simplicity,  and  speed  of  DCLASS  for 
complex  decision-making.  This  power  and  speed  may 
be  achieved  in  either  a  q  main-frame,  minicomputer, 
or  microcomputer  distributed  environment. 

A  relatively  small  in-house  team  can  start 
making  quite  sophisticated  decision  trees 
following  the  standard  2-day  DCLASS  training 
course.  DCLASS  comes  with  a  small  mainline  program 
1  and  trees  for  classification  and  coding,  design 
retrieval  and  generative  process  planning.  There 
is  no  waiting  for  technical  users  or  management  to 
get  the  feel  of  using  DCLASS  when  using  the 
demonstration  system  provided. 


System  integration 

Most  companies  already  have  a  variety  of 
software  and  wonder  how  it  can  be  used  as  part  of 
their  integrated  system.  One  of  the  very  useful 
benefits  of  DCLASS  technology  is  its  ability  to 
lntegrace  quite  diverse  CAD) /CAM  applications 
programs.  Any  node  of  the  DCLASS  tree  can  be  used 
to  issue  a  subroutine  call  and  pass  data  between 
various  applications  programs. 

As  shown  in  Figure  5,  DCLASS  can  process 
various  trees  for  classification,  coding,  or 
decision-making  and  then  pass  resulting  codes  and 
values  co  the  mainline  control  module  for  use  with 
other  application  programs.  To  date,  DCLASS  seems 
to  be  one  of  the  best  answers  around  for  creating 
integraced  engineering,  design,  and  manufacturing 
systems . 
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DCLASS  System  Architecture 


Figure  5 


Artificial  Intelligence 

DCLASS  possesses  the  sane  capabilities  as  the 
so-called  "expert’*  artificial  intelligence  systems. 
To  date,  this  capability  has  only  begun  to  be 
explored  for  applications  such  as  diagnotlcs, 
strategic  planning,  and  many  others  which  involve 
complex  decision  making  based  upon  known, 
quantifiable  conditions. 


DCLASS  has  many  valuable  features, 
capabilities  and  1  enhancements  possessed  by  no  other 
system;  it  is  flexible  and  can  be  used  for  many, 
many  applications. 

The  license  fees  for  DCLASS  are  good  news, 
too.  There  is  no  corporate  fee,  and  little  or  no 
outside  consulting  is  normally  required.  Initial 
and  monthly  license  rates  are  reasonable,  non¬ 
computer  experts  can  program  it,  and  DCLASS  trees 
provide  1  excellent  documentation.  Furthermore, 
trees  are  easy  to  create,  visualize,  and  maintain. 
Efficient  ana  consistent  classification,  speedy 
design  retrieval,  rapid  generative  planning,  and 
minimal  data  base  storage  requirements  all  add  up 
to  outstanding  performance. 

Some  of  the  bonus  features  include  its 
artificial  intelligence  capabilities,  portability, 
and  compatibility  with  distributed  processing 
activities  which  make  DCLASS  a  truly  outstanding 
tool  for  improved  productivity  and  quality. 

D.  K.  Allen 

3-23-83 
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RESEARCH  BRIEF  #3 


DC  IAS  S™  ADVANTAGES 


Introduction 

As  you  investigate  cost  1  and  quality  benefits 
of  Computer-Integrated  Manufacturing  and  Group 
Technology  for  your  business,  you  will  soon  realize 
the  need  for  advanced  computer  software  tools.  The 
DCLASS  Information  System,  licensed  by  Brigham 
Young  University,  can  provide  a  simple  solution  co 
complex  problems.  The  DCLASS  Information  processor 
and  tree  definition  language  cam  be  easily  tailored 
to  meet  your  specific  needs. 

This  paper  will  discuss  the  advantages  of  the 
DCLASS  approach  over  other  systems  which  use  Group 
Technology  concepts.  Advanced  DCLASS  capabilities 
which  go  far  beyond  other  existing  systems  will 
also  be  discussed. 


Level  2.  Rard-Coded  Computerized 
Classification  Systems.  The  next  step  up  from  a 
manual  classification  system  is  to  computerize  the 
logic  sequence  necessary  to  derive  a  specific  code. 
The  interactive  series  of  questions  to  derive  the 
code  is  programmed  in  a  computer  language  like 
FORTRAN.  The  derived  code  can  then  be  stored  in  a 
computer  file  for  later  access  or  searching. 
However,  becauae  the  program  creates  a  very 
specific  classification  and  coding  eystem,  it  can 
only  classify  the  given  types  of  items.  To  extend 
the  classification  for  other  families  is  a  major 
task.  The  program  must  be  re-written  and  debugged. 
Because  of  the  relative  complexity  of  programming 
with  a  language  like  FORTRAN,  the  computer  program 
may  consist  of  many  thousand  lines  of  instructions. 
The  program  is  difficult  to  change  or  tailor  and 
requires  a  computer  specialist  to  do  so. 


Group  Technology 

Group  Technology  is  a  method  of  manufacturing 
piece  parts  by  classifying  these  parts  into  groups 
and  subsequently  applying  similar  technological 
operations  to  each  group.  This  obtains  economics 
which  1  are  normally  associated  with  large  scale 
production  in  the  small  scale  situatiom 


Other  Systems  and  DCLASS 

To  achieve  the  ultimate  1  economic  benefits  of 
group  technology,  several  different  approaches  have 
been  tried.  Four  of  these  approaches  will  be 
briefly  described. 

Level  1.  Manual  Classification  Systems.  This 
method  has  been  in  existence  for  some  time  co 
classify  parts  and  commodities  into  groups  or 
families  according  to  similar  attributes  and  attach 
a  code  to  each  individual  family.  The  manual 
approach  is  non-computerized  and  is  often  Used  to 
group  families  of  drawings  and  codes  for  design 
retrieval  purposes.  The  tabular  classification  in 
Figure  1  is  a  good  example  of  how  this  particular 
method  might  be  set  up  using  printed  charts. 
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Figure  1 


Level  3.  Standard  Coding  Software  Systems. 
Because  of  the  difficulty  in  tailoring  and  adding  a 
new  classification  to  a  hard-coded  system, 
software  has  been  developed  to  handle  standard 
monocode  and  polycode  systems  (see  Figure  2.) 


Monocode  Polvcode 


Figure  2 

With  this  approach,  the  definitions  of  coding 
questions  are  usually  contained  in  a  computer  data 
file.  The  software  operates  on  the  data  file  and 
asks  the  questions  to  derive  the  given  code.  Since 
the  system  is  closely  tied  to  generating  a  fixed 
length  alphanumeric  code,  it  is  limited  in  the 
amount  of  information  that  can  be  processed.  This 
limiting  factor  inhibits  many  potential 
applications  of  a  computerized  method  of 
classification . 

Level  4.  General  Purpose.  Tree  Processor 
System.  As  the  name  indicates,  this  computerized 
system  processes  tree  structures  such  as  those 
found  in  Figure  3.  The  tree  structure  provides  a 
new  approach  to  computer  programming.  Each)  of  the 
previous  three  coding  systems  can  be  simulated  in  a 
tree  structure.  This  approach  provides  for 
multiple  path  branching,  multiple  level  branching, 
and  automatic  processing.  Thus  ,  a  general  purpose 
tree  processor,  such  as  DCLASS,  can  be  used  along 
with  its  very  high  level  tree  definition  language. 
Because  of  the  flexibility  of  the  many  types  of 
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Figure  3 

tree  structures  supported  by  DCLASS,  it  is  now 
relatively  simple  to  automate  many  difficult 
decision-making  tasks. 

Summary  of  Capabilities.  Figure  4  is  an 
illustration  of  the  four  types  of  systems  which 
have  been  reviewed.  Each  18  an  expansion  of  the 
capabilities  of  the  one  before.  By  computerizing  a 
manual  classification  system,  its  use  can  be 
somewhat  expanded.  By  adding  standard  coding 


software,  specific  classification  systems  can  be 
changed  With  less  difficulty  and  new 
classifications  can  be  added.  in  more  advanced 
systems  involving  general  purpose  tree  processors, 
any  known  coding  system  can  be  incorporated  quickly 
and  simply.  In  addition,  it  has  the  capabilities 
for  manual  or  automatic  decision  making.  It  can 
also  be  used  for  performing  the  functions 
attributed  to  the  expert'  artificial  intelligence 
systems  which  are  being  considered  for  use  in 
CAD/CAH  systems  of  the  future. 


DCLASS  Advantages 

The  remainder  of  this  paper  will  focus  on  the 
advanced  DCLASS  capabilities  that  allow  it  to  do 
much  more  than  any  of  the  previously  described 

1  approaches.  The  following  three  topics  will  be 
discussed : 

(1)  DCLASS  trees  can  capture  detailed 
information  not  possible  by  a  standard 
coding  software  system. 

(2)  DCLASS  has  high-level  tree  definition 
language  that  can  capture  decision-making 
logic  used  by  your  expert  planners, 
designers,  and  estimators. 

(3)  DCLASS  is  easily  integrated  with  other 
user  applications  and  data  bases. 
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Detailed  Information  in  DCLASS  Trees 

A  standard  monocode  or  polycode  clarification 
is  limited  in  the  amount  of  detailed  information  it 
can  contain.  This  is  because  of  the  limitation  of 
squeezing  the  information  into  a  code  that  is  fixed 
length  and  understandable  to  a  human. 

Figure  5  illustrate  a  tree  simulation  of  a 
standard  polycode  with  two  numeric  digits.  There 
are  many  uses  for  the  information  that  it  contains. 
However,  because  the  information  is  limited  to  only 
the  two  digit  code,  the  depth  of  information  stops 
at  two  levels.  Even  a  thirty  digit  polycode  is 
still  quite  limited  in  the  amount  of  information  it 
can  contain.  Consequently,  it  is  limited  in  its 
usefulness  in  process  planning  and  estimating. 


Figure  3 


Figure  6  illustrates  a  DCLASS  tree  that  could 
provide  the  same  information  shown  in  Figure  5,  but 
also  add  information  on  threads,  grooves,  and  holes 
that  the  polycode  could  not  contain.  DCLASS  can 
generate  the  polycode  with  its  many  uses,  but  can 
also  add  additional  information  using  its  unique 


Figure  6 


multiple  path  branching  capabilities  for  as  many 
levels  as  the  user  wanes.  This  flexibility  of  the 
DCLASS  trees  is  important  to  capture  the  necessary 
information  for  functions  such  1  s  generative 
process  planning. 


Multiple-Path  and  Multiple-Level  Branching 


DCLASS  Trees  are  very  flexible  in  that  they 
combine  the  powerful  features  of  both  multiple  path 
and  multiple  level  branching.  This  iS  made 
possible  by  a  powerful  new  variable  length  binary 
code  generated  by  DCLASS  for  a  given  session 
through  a  tree.  This  code  is  called  a  Machine 
Readable  Code  (MRC)  as  opposed  to  human  readable 
monocodes  and  polycodes. 


In  a  aonocode  classification,  selections  are 
limited  to  a  single  path,  although  it  may  go 
several  levels  deep.  In  a  polycode  classification, 
selections  are  limited  to  two  levels  deep.  Even  a 
monocode/polycode  combination  retains  these 
limitations  for  the  monocode  portion  and  the 
polycode  portion  of  the  code. 


Figure  7  shows  a  Venn  Diagram  depicting  the 
information  contained  in  a  DCLASS  Machine  Readable 
Code  as  compared  to  a  monocode  or  polycode. 


Figure  7 


DCLASS  can  derive  standard  monocodes  and 
polycodes,  but  additional  information  is  also 
available.  Because  of  the  DCLASS  Machine  Readable 
Code,  every  piece  of  information  is  available  for 
future  use.  For  example,  if  a  DCLASS  decision¬ 
making  tree  requires  information  such  as  is  the 
part  rotational"  or  does  it  have  blind  radial 
holes,  the  MRC  can  automatically  provide  it.  Each 
requested  piece  of  information  is  scored  as  a  bit 
in  the  Machine  Readable  Code  and  is  available  as 
needed  for  automatic  decision  making.  DCLASS 
codes  are  expandable  and  detailed,  but  require  very 
little  computer  storage  space. 


Variables:  Range  or  Actual  Value 


Another  feature  of  DCLASS  that  is  used  in 
classification  and  coding  is  the  ability  to  store 
variables  such  as  "length"  or  "diameter."  With  the 
actual  values,  it  can  then  evaluate  simple 
arithmetic  expressions  such  as  automatically 
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calculating  L/D  ratios.  It  is  usually  not 
suffcient  for  every  need  to  fit  a  variable  (e.g. 
DIAMETER)  into  a  range  of  values  and  store  it  in  a 
polycode  digit.  The  design  department  may  want  one 
grouping  of  variable  range  a  and  the  manufacturing 
department  another.  DCLASS  helps  to  solve  this 
problem  by  having  a  variable  list  along  with  the 
Machine  Readable  Code.  A  range  code  or  the  actual 
value  of  a  variable  is  available  to  any  user  in  the 
format  he  desires. 


DCLASS  _  A  Very  High  Level  Programming  Language 

Since  highly  automatic  tree  processing 
capabilities  are  available  In  addition  to  multiple- 
path  and  multiple-level  branching  capabilities, 
DCLASS  may  be  beat  defined  as  a  tree  processing 
system  with  a  very  high-level  tree  definition 
language.  This  is  why  DCLASS  not  only  can  be  used 
to  derive  codes,  but  it  can  tackle  complex 
decision-making  and  "expert"  artificial 
intelligence  problems  that  were  not  easily 
approach*  before. 

Decision-making  know-how  is  a  key  element  of  a 
company-s  business.  You  might  be  interested  in 
counting  how  many  of  your  experienced  experts  are 
now  retiring  and  taking  this  valuable  know-how  with 
them.  DCLASS  allows  you  to  analyze  and  co  capture 
their  decision-making  logic  and  technical  _know- 
how"  so  that  it  may  be  easily  and  consistently  used 
by  others  in  your  company.  Some  companies  that 
have  DCLASS  use  the  printed  tree  output  as  an 
official  company  document  to  define  the  company-s 
"decision-making  logic".  Since  DCLASS  has  a  very 
high  level  tree  definition  language,  engineers  with 
no  computer  experience  can  structure  DCLASS  trees 
themselves.  This  avoids  dependence  on  computer 
specialists  for  needed  programming  tasks.  Engineers 
and  other  non-programmers  can  easily  modify  and 
update  tree  logic  so  reflect  changes  in  process 
capability.  This  makes  it  easy  to  automatically 
process  new  or  old  parts  through  the  updated 
decision-making  tree  logic  to  reflect  the  latest 
technology  and  economics.  Figure  8  contains  a  list 
of  current  industrial  applications  of  DCLASS  that 

ADVANCED  APPLICATIONS  OF 
DCLASS**  BY  INDUSTRIAL  USERS 


•  Process  Planning 

•  Personnel  Selection 

A)  Generative 

B)  Variant 

•  (ECAM)  Electronic 

Process  Planning 

•  Time  Standards 

•  Tool  Selection 

•  Cost  Estimating 

•  Equipment  Selection 

•  Part  List  Selection 

•  APT  Front-end 

•  Circuit  Design 

Processing 

•  Material  Selection 


Figure  S 

are  dependent  on  these  advanced  tree  programming 
capabilities . 


able  to  act  as  a  subsystem  to  a  user  defined 
application . 

DCLASS  is  a  high-level  programming  system 
which,  like  a  FORTRAN  subroutine,  can  be  integrated 
into  many,  many  user  application.  BYU  provides  a 
simplified  data  base  and  Mainline  program  for  tree 
development,  testing  and  certain  limited  production 
application  such  as  clasif ication  and  coding  of 
parts  and  design  retrieval.  Written  and  delivered 
in  FORTRAN  source  code,  this  Mainline  can  be 
tailored  by  the  user,  or  DCLASS  can  be  called  by 
the  users  own  mainline  or  explication  system. 
DCLASS  also  contains  interfaces  for  controlling  the 
DCLASS  tree  processing.  For  example.  user 
applications  or  graphics  may  be  added  in  the  middle 
of  a  tree  traversal  to  pass  data  or  codes  needed  to 
generate  graphics  on  various  CAD/CAM  systems. 
Figure  9  illustrates  the  system  environment  of 
DCLASS  integrated  with  a  user  application. 


Conclusion 

In  this  paper  several  important  features  of 
the  DCLASS  Information  System  have  been  briefly 
discussed,  including  how  they  compare  to  other 
commercial  clasif ication  systems. 

DCLASS  combines  the  very  best  features  and 
capabilities  of  manual  classification  systems, 
'hard-coded'  clasif  ication  systems,  and  standard 
coding  software  systems.  In  addition,  it  has  the 
unigue  advantage  of  being  a  general  purpose  tree 
processor,  which  greatly  reduces  your  cost  and 
trouble  of  having  many  expensive  software  systems 
which  do  not  communicate  with  each  other. 

The  advanced  tree  processing  features  of 
DCLASS  allow  it  to  process  standard  user  defined 
trees  containing  information  or  decision-making 
logic.  This  logic  can  be  easily  tailored  by  the 
technician  or  engineer  inastead  of  requiring 
computer  programming  specialist,  DCLASS  iS 
designed  to  provide  many  features  as  a  stand-alone 
system  and  is  also  eastly  tailorable  to  become  a 
utility  subsystem  in  a  larger  user  application 
program,  or  as  a  powerful  tool  for  system 
integration  and  standardization. 


Integrating  DCLASS  With  Ocher  Application 
Programs 

The  basic  philosophy  of  DCLASS  19  two-fold. 

First,  it  is  capable  of  accepting  and  processing 
any  standard  or  user  defined  tree.  Second,  it  is 
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DCLASS  has  been  developed  as  a  very  flexible 
and  easy-to-use  tool  for  solving  many  of  today's 
complex  problems.  Its  power  and  flexibility  are 
important  reasons  for  many  companies  choosing  the 
DCLASS  approach  for  their  business. 

R.  P.  Nillett 
5-1-83 
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DCLASS™/ APT  INTERACTIVE  PROGRAMMING  SYSTEM 


Purpose 

The  purpose  of  my  thesis  was  to  answer  the 
question,  "can  an  interactive  programming  system 
utilizing  DCLASS  technology  be  used  to  improve  part 
programming  productivity?" 


Problem  Statement 

Present  computer-assisted  part  programming 
languages  for  numerically  controlled  machine  tools 
require  extensive  training  of  the  programmer,  the 
programming  time  is  generally  lengthy,  and 
preparation  and  debugging  of  N/C  tapes  Is  often 
troublesome.  These  factors  reduce  N/C  part 
programming  productivity. 


Approach 

A  series  of  tree  structures  was  developed  to 
provide  an  interactive  menu-driven  system  to  ease 
communication  between  the  operator  and  the 
computer.  The  prototype  system  provides  choices 
for  each  selection  and  each  choice  is  logically 
controlled  by  the  DCLASS  processor.  If  the 
operator  inputs  incorrect  data,  an  error  message 
will  be  immediately  displayed.  A  major  advantage 
is  that  this  programmer  does  not  have  to  start  the 
processing  all  over  again.  The  system  will 
automatically  recover  through  the  last  corrected 
entry. 

Furthermore,  the  system  provides  internally 
stored  and  easily,  retrievable  documentation  which 
can  provide  tutorial  information  about  various 
choices  should  the  programmer  desire  it. 

The  prototype  system  was  designed  for  use  with 
rotational  parts  having  one,  two,  or  three  outside 
diameters,  bores,  chamfers,  grooves,  and  axial 
holes.  During  the  setup  mode,  a  series  of 
interactive  menus  are  presented  to  the  programmer 
to  describe  part  dimensions  (length  and  diameter) , 
form  features,  and  workpiece  material.  This 
decision-making  logic  then  automatically  develops  a 
sequence  of  required  tool  paths,  calculates  cutting 
speed  and  feed,  provides  horsepower  requirements 
for  the  rough  and  finishing  cut,  and  selects  the 
appropriate  tooling. 

Once  the  information  requested  during  the 
setup  mode  has  been  entered,  the  system 
automatically  generates  an  "output  record  file." 
This  file  la  then  transferred  to  a  preprocessor  for 
decoding  by  meana  of  a  FORTRAN  compiler  program  to 
convert  DCLASS  records  into  APT  statements  for 
specific  operations.  During  the  preprocessor  mode, 
the  programmer  is  requested  by  the  system  to  enter 
miscellaneous  information  such  as  programmer-s 
name,  part  name,  part  number,  machine  number,  date, 
and  coordinates  for  the  home  position.  The 
generative  source  statements  are  stored  in  a 
temporary  file  for  later  post  processing  to  provide 
instructions  for  a  specific  machine  tool. 


During  the  preprocessor  mode,  two  reports  are 
generated:  (1)  the  manufacturing  process  sheet, 
and  (2)  the  tool  data  sheet.  The  manufacturing 
process  sheet  contains  the  sequence  of  operations, 
feed  rate,  cutting  speed,  tool  number  and  tool  name 
for  each  operation.  This  tool  data  sheet  contains 
the  tool  sequence,  tool  number,  gage  length,  tool 
dimensions,  and  insert  type  for  each  operation. 


Test  Results 

The  automatic  decision  trees  used  for 
machinability  calculations  and  tool  selection 
produced  reliable  consistent  results.  This  feature 
eliminates  the  need  for  N/C  program  verification. 
The  machinability  tree  logic  saves  programmer  time 
in  finding  the  correct  cutting  speed  for  a  given 
vorkpiece  material.  The  system  also  allows  the 
programmer  to  manually  enter  cutting  depth  or  feed 
rate. 

Tests  were  conducted  using  three  subjects  to 
program  and  evaluate  system  performance.  The 
Intent  of  these  tests  was  to  determine  if  this 
system  was  efficient  for  use  by  those  who  were  not 
specifically  trained  part  programmers.  Evaluation 
criteria  included  effort  and  time  consumed  in  part 
programming  tasks.  The  first  selected  subject  was 
given  a  short  20-30  minute  explanation  of  the 
system  after  which  he  was  permitted  to  familiarize 
himself  with  the  operation  of  the  system.  The 
subject  was  then  given  a  part  drawing  for  shape  A00 
and  asked  to  program  the  part  using  the  menu-driven 
system.  Output  tapes  of  programmed  parts  were  then 
taken  to  the  lathe  for  conducting  actual  test 
costs . 

The  second  subject  used  to  evaluate  the  system 
was  a  part  programmer  from  a  local  manufacturing 
firm.  His  went  through  a  brief  indoctrination 
period  similar  to  the  first  subject,  after  which  he 
was  asked  to  program  part  families  A10  and  A20 
using  the  same  system  as  before.  The  subject 
quickly  adapted  himself  to  use  of  the  system  as  had 
the  previous  subject.  Even  though  the  second  and 
third  parts  were  move  complex  than  the  first  one, 
the  total  producing  time  was  considerably  less  than 
with  the  first  subject. 

Comments  concerning  operation  of  the  system 
and  suggested  improvements  were  solicited  from  each 
subject  immediately  following  the  test. 

The  tabulated  times  for  programming  of  the 
three  test  parts  by  both  the  "conventional"  and  the 
"interactive'  methods  are  summarized  in  the  table 

below: 


PART  FAMILY 

CONVENTIONAL 
PROGRAMMING  TIME 

INTERACTIVE 
PROGRAMMING  TIME 

AOO 

105  min. 

4.34  min. 

A10 

75.5  min. 

4*50  min. 

A20 

99.5  min. 

4.93  rain. 
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This  preliminary  test,  although  not  extensive, 
shows  a  reduction  of  95%  in  programming  time  using 
the  interactive  method  based  on  DCLASS  technology.  A 
further  significant  point  is  that  relatively  non- 
skilled  programmers  can  provide  rapid,  consistent, 
and  accurate  results.  The  promising  results  of  this 
study  indicate  that  this  method  of  programming 
should  be  expanded  and  promoted  as  a  method  for 
greatly  improving  programming-  quality  and 
productivity. 


Sman  Hamsrisuk 
Graduate  Student 
nay  1983 
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WIRE  AND  CABLE 


COST  ESTIMATING 


Introduction 


The  purpose  of  this  paper  is  to  describe  a 
current  industrial  application  of  the  DCLASS 
Information  System  at  Eaton  Corporation.  This 
application  involves  generating  coat  estimates  for 
complex  wire  and  cable  extrusions  at  the  Aurora, 
Ohio  plant. 

The  application  Is  a  dramatic  example  of  a 
problem  ideally  suited  to  the  high  level 
programming  features  of  DCLASS.  Because  of  the 
power  and  ease  of  use  of  the  DCLASS  tree  processor, 
the  complex  logic  of  this  application  was  quickly 
programmed  and  a  production  system  in  place  in  a 
matter  of  a  few  weeks. 


Problem  Statement 


The  Aurora,  Ohio  Eaton  plant  manufactures 
complex  wire  and  cable  extrusions.  There  are 
literally  hundreds  of  possible  options  to  choose 
from  including  length,  number  and  types  of  wire, 
and  types  of  extrusions.  An  illustration  of  a 
sample  product  is  contained  in  Figure  1.  A  team  of 
three  and  one-half  full-time  engineers  was  required 
to  determine  cost  estimate  information  for  the  more 
than  600  bids  that  were  processed  each  month. 
Because  of  the  complexity  of  the  product,  an 
average  of  one  and  one-half  hours  are  needed  to 
compute  one  cost  estimate. 


Figure  1 


Logical  DCLASS  Application 

DCLASS  has  been  licensed  to  Eaton  Corporation 
since  early  1982  at  the  Corporate  Manufacturing 
Services  Division  in  Willoughby  Hills,  Ohio.  The 
engineers  in  this  division  act  as  consultants  to 
other  Eaton  divisions  in  solving  manufacturing  and 
other  problems.  Upon  visiting  the  Aurora  plant, 
Manufacturing  Services  engineers,  headed  by  Willard 
Burge  and  A1  Soles,  proposed  that  DCLASS  be  used  to 
approach  a  computerized  solution  to  their  cost 
estimating  problem.  The  problem  was  very  complex, 
had  many  possible  options  and  variables,  and  the 
choice  of  one  option  would  determine  the 
possibilities  for  options  further  down  the  line. 


DCLASS  was  designed  to  solve  just  this  type  of 
complex  problem. 


DCLASS  Tree  Development 

Once  it  was  decided  to  implement  the  cost 
estimating  procedure  using  DCLASS,  the  logic  of  the 
process  was  captured  in  DCLASS  trees.  The  trees 
included  the  menus  for  the  numerous  options  and  the 
entry  and  computation  of  up  to  175  different 
variables.  About  600  man-hours  were  expended  to 
design  and  enter  these  trees.  An  example  of  a 
small  portion  of  one  of  these  logical  trees  in 
shown  in  Figure  2. 


WIRE  SIZE 
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SOLID  WIRE 
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12  GAGE 

8  STRAND 

17  STRAND 

BARE  COPPER 

THERMOCOUPLE 

14  GAGE 

TINNED  COPPER 

SOLID  WIRE 

INSULATING  MATERIAL 

8  STRAND 

JACKETING  THICKNESS 

17  STRAND 

Figure  2 


Production  System 

Because  of  the  high  level  programming  possible 
with  DCLASS  trees,  the  system  was  quickly  tested 
and  put  into  production  three  months  after 
beginning  the  project.  Minor  system  programming 
changes  to  the  DCLASS  mainline  program  were  made  by 
the  Manufacturing  Services  staff  to  tailor  the 
system  to  this  application.  This  system  tailoring 
in  FORTRAN  took  only  1  week  with  one  programmer. 

The  immediate  results  of  the  system  were 
surprising  even  to  the  Manufacturing  Services 
engineers.  Instead  of  one  and  one-half  hours  for 
an  estimate,  the  DCLASS-based  system  only  took  from 
five  to  six  minutes.  About  500  man  hours  are  now 
being  saved  each  month. 

The  built-in  DCLASS  capabilities  of  database 
statistics  and  design  retrieval  could  now  allow 
analysis  of  similar  wire  and  cable  extrusions  and 
how  many  are  being  produced  in  various  categories. 

A  great  potential  is  foreseen  in  using  this  data  in 
marketing. 

Additionally,  Further  future  benefits  are 
foreseen  in  using  the  computed  variables  for 
tooling  selection  and  other  programs  down  the  line 
once  an  extrusion  is  ordered.  A  comparison  of  the 
time  per  part  is  shown  in  Figure  3  for  the  manual 
vs.  the  DCLASS-based  system.  Other  important 
benefits  are  detailed  in  Figure  4. 
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Conclusion 
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Figure  3 


This  paper  has  shown  an  example  of  a  DCLASS 
application  at  Eaton  Corporation  that  was  quickly 
Implemented  with  very  rapid  return  on  investment. 
This  example  points  out  that  DCLASS  can  be  used  for 
much  more  than  classification  and  coding  or  process 
planning.  It  is  a  high  level  programming  language 
ctiat  is  easy  to  use  to  solve  complex  aecisioa- 
aaking  problems.  DCLASS  is  designed  to  be  used  by 
engineers  and  technicians  rather  than  comnuter 
specialists,  and  therefore  can  become  a  tool  in  the 
hands  of  the  people  who  really  know  the  problems. 

In  this  application,  Eaton  engineers  found 
that  using  DCLA8S  was  the  logical  decision. 

Willard  Burge 
September  1983 


DCLASS  BENEFITS 

COST  ESTIMATING  AT  EATON  CORPORATION 

■  Trees  easy  to  develop 

■  Logic  easy  to  visualize  and  debug 

■  More  consistency  in  estimate 

■  Analysis  of  estimates  possible 

■  Entered  and  computed  data  usable 

futher  'downstream*  (e.g.  tooling 
selection) 

Figure  4 
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Introduction 


will  be  used,  its  size,  and  any  finish  requirements 
BYUPLAN  is  a  Prototype  generative  process  such  as  heat  treatments  and  coatings.  The  third 

planning  system  developed  at  the  BYU  CAM  Software  tree  is  a  decision  tree  that  is  automatically 

Laboratory  to  show  how  the  DCLASS  Information  traversed  using  Information  previously  gathered 

System  may  be  used  in  a  process  planning  from  the  first  two  trees,  and  its  output  is  a 

environment.  BYUPLAN  consists  of  a  mainline  control  series  of  operation  codes  in  proper  sequence, 

program  that  calls  in  sequence  three  decision  trees, 

performs  a  look-up  of  operation  text  from  data  A  report  generator  was  then  built  to  format 

files,  and  formats  the  finished  process  plan.  a  complete  routing  sheet  or  process  plan  from 

information  gathered  during  the  DCLASS  tree 
Approach  traversal.  The  operation  codes  and  variables 

from  the  DCLASS  tree  processing  would  be  passed 
BYUPLAN  was  designed  to  Plan  six  families  of  to  the  report  generator  where  a  table  look-up  to 

rotational  parts,  and  two  families  of  sheet  metal  a  data  file  would  be  performed  to  retrieve  the 

parts.  Also  included  were  seven  different  types  complete  text  of  the  operation  required.  Any 

of  featurese  seven  materlalsp  eight  treatments  variables  listed  in  the  operation  text  would  be 

and  finishes,  and  three  lot  sizes.  inserted,  and  the  final  text  for  each  operation 

would  be  added  to  the  process  plan.  The  completed 

Three  DCLASS  trees  were  then  built  to  classify  plan  would  then  be  output  to  a  line  printer, 

and  code  the  part-  select  material  and  finishes, 

and  select  and  sequence  operations.  The  BTUPLAN  Sample  Run 

classification  tree  asksm  questions  concerning  the 

shape  of  the  part,  and  detailed  questions  about  Below  is  a  part  print  for  part  number  PN5456. 

the  form  features  it  Contains.  The  material  tree  After  the  print  is  an  example  run  of  process 

allows,  the  user  to  Select  what  type  of  raw  material  planning  this  part  using  BTUPLAN. 
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BYUPLAN3 

CHOOSE  OPTION  :  TERMINAL  TYPE 

£  -  AlW^MONITOR 

3  -  HARDCOPY 

4  -  SOROC  (BILLINGS  B-IOO). 
s  -  OTHER  TERMINAL 

=9>  1 


*  *  B  Y  U  P  L  &  N  *  * 

DPI  AQQ 

DEMONSTRATION 

PROCESS 

PLANNING 

SYSTEM 

BRIGHAM  YOUNG  UNIVERSITY 


CHOOSE  OPTION  : 

^--D^«TOramLEVEL 


ENTER  DATE  >07/27/84 
CHOOSE  OPTION  : 

L-issmksmm  i 

=x>2 

.  ENTER  PLANNER  NAME  »PR  SMITH 


*  *  B  Y  U  F  L  R  N  *  * 


CHOOSE  OPTION  : 

1  -  VARIANT  PROCESS  PLANNING 


2  -  GEWNERATIVE  PROCESS  PLANNING 


3  -  FART  FILE  MAINTENANCE 

4  -  EDIT  PLAN 

5  -  PRINT  PLAN 

99  -  STOP 
==>2 


ENTER  FART  NUMBER 
»PN54S6 

ENTER  PART  NAME  »CONNECTING  SHAFT 


ENTER  REVISION  NUMBER  »B 


ENTER  DISTRIBUTION  REQUEST  ». 


BASIC  SHAPE 

2  -  NC^-Wilf^fl'oNAL 

**> 


ROTATIONAL 
*  1  CENTRIC 

2  -  CONCENTRIC 

3  -  GEAR-LIKE 

**>  BU 


BASIC  SHAPE 

1  -  ROTATIONAL 

2  -  NON-ROTATIONAL 

> 


ROTATIONAL 
*  1  CENTRIC 

2  -  CONCENTRIC 

3  GEAR-LIKE 

**>  xx 


**************************<^*0^ 

ROTATIONAL  PARTS  HAY  BE:° 
CENTRIC-NO  CENTER  HOLE 
CONCENTRIC-WITH  CENTER  HOLE 

GEAR-LIKE-WITH  GEAR  TEETH 

***************************** 


TO  CONTINUE  -  CARRIAGE  RETURN  > 


Rotational 

*  LcOTKric 

3  -  GEAR-LIKE 

**>  2 


CONCENTRIC  WITH  A  SINGLE  DIAMET  BORE 

1  -  SINGLE  O.D. 

2  -  TWO  O.D.'S 

3  -  THREE  O.D.’S  (STEPPED  TO  ONE  END) 

**>  2 


BORE  DIAMETERS 

1  -  ONE 

2  -TWO 

3  -  THREE  (STEPPED  TO  ONE  END) 

**>  1 


ENTER  LENGTH  1  (ALL 
DIMENSIONS  IN  INCHES) 

>.>.625 

ENTER  LENGTH  2 

>>4.875 

ENTER  BORE  LENGTH  1 

>>5.50 

ENTER  DIAMETER  1 

>>3.25 
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ENTER  DIAMETER  2 

>>1.125 

ENTER  BORE  DIAMETER 

>>.750 

ENTER  STOCK  SIZE 

>>3.50 

DIAMETER  MINIMUM  TOLERANCE 

1  -  TOLERANCE  .0005-002 

2  -  TOLERANCE  .002-.010 

**>  1 


ROTATIONAL  FORM  FEATURES 

3  -  CHAMFERS 

4  -  NO  FEATURES 

**>  293 


THREADS 

1  -  INTERNAL  THREADS 

2  -  EXTERN  AL  THREADS  2 

**>  2 


EXTERNAL  THREAD  TYPE 

-  UNIFIED  NATIONAL  COARSE  (UNC) 
2  -  UNIFIED  NATIONAL  FINE  (UNF) 

**>  1 


SELECT  EXTERNAL  THREAD 

1  -  CLASS  1 A 

2  -  CLASS  2A 

3  -  CLASS  3A 

**>  2 


ENTER  EXT,  THREAD  DIAM  AND 
THREADS  /  INCH  (E.G.  2.0-8) 
>>1.125-12 

CHAMFER  ANGLE 

l  --4^S 

3  -  60  DEGREES 

4  -  OTHER  CHAMFER  ANGLE 

**>  2 


ENTER  NUMBER  OF  CHAMFERS 

»2 


CHOOSE  PROCESSING  OPTION: 

1  -  REVIEW  CHOICES 

2  -  CONTINUE 

==>2 


MATERIAL 

1  -MATAL. 

2  -  NON-METAL 


METAL 

1  ;  ^[NUM 

**>  2 


STEEL 

1  -  LOU  CARBON 

2  -  ALLOY  STEEL 


ALLOY  STEEL 

1  -  4130 

2  -  4340 


IS  HEAT  TREATMENT  REQUIRED 

A  -  JES 

2  -  N  o 

**>  1 


STEEL  HEAT  TREATMENT 


IS  METAL  FINISH  COATING  REQUIRED 

1  -  YES 

2  -  N  o 


PLATING 

-  ZINC  PLATING 

2  -  CODMIUM  PLATING 

3  -  CHROMIUM  PLATING 


CADMIUM  PLATING 

1  -  TO  MILITARY  SPECIFICATIONS 
2 -TO  COMMERCIAL  SPECIFICATIONS 


IS  PAINTING  REQUIRED 

1  -  YES 

2  -  N  O 
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choose:  processing  options 

1  -  REVIEW  CHOICES 

2  -  CONTINUE 


-ENTER  RC  HARDNESS  REQUIRED 

»45 


**>2 

ENTER  QUANTITY  REQUIRED 

»10 


» 


» 


MACHINING  TIHE 

VALUE  -  3.S25597 


PART  HANDLING/IDLE  TIHE 
VALUE  *  6.169795 


**BYUPLAN»* 

CHOOSE  OPTION  X 

1  -  VARIANT  PROCESS  PLANNING 

2  -  GENERATIVE  PROCESS  PLANNING 

3  -  PART  FILE  MAINTENANCE 

4  -  EDIT  PLAN 

5  -  PRINT  PLAN 
99  -  STOP 
«»>5 


» 


TOTAL  WORKPIECE  TIHE 

VALUE  *  9.695392 


ENTER  PART  NUMBER 
»PN5456 


» 


COST  PER  WORKPIECE 

VALUE  *  8.070000 


CHOOSE  OPTION  I  PRINT  TO 

1  -  SCREEN 

2  -  PRINTER 

»*>i 


t>  D  T  U  P  L  A  H  It 
GENERATED  PROCESS  PLAN 

PART  NO  TPN34S4  PART  NAHE  l  CONNECTING  SHAFT 

SHAPE  I  III  NATL  I  A3-4I30  REVISION  NO  !  9 
DATE  t  3/23/1994  PLANNER  t  P  R  SMITH 


OPHO  DEPT  DESCRIPTION  EQUIP  TOOLING  STD  TIME  RNRKS 


10  10  TURN  FIRST  DIAMETER  TO  101-0  101-1-020 

(  3.23  )  INCHES  101-7-020 

20  10  Turn  second  diameter  to 

<  1.123  )  INCHES 


30 

10 

CENTER  DRILL  FOR  90RE 

101— D 

111-1-040 
t 10-7-220 

40 

10 

DRILL  CENTERHQLE  FOR 

DORE 

101-D 

11 1-1-020 
111-7-020 

30 

10 

•ORE  X.D.  <  .730  ) 

INCHES  THRU 

lOi-D 

102-1-040 

102-7-020 

40 

10 

TURN  C  2  ) 

CHAMFERS  AT  (  43  ) 

9E0REES 

101-D 

101-7-220 

70 

10 

TURN  CLEARANCE  GROOVE 

FOR  EXTERNAL  THREAD 

101-D 

104-1-080 

104-7-040 

to 

10 

TURN  <  1.123-12  >  DXAM. 
UNC-<  2A  )  EXT. 

THREAD 

101-D 

103-1-020 

103-7-020 

90 

10 

CUTOFF  PART  <  3.300000  > 

100 

93 

HEAT  TREAT  TO 

C  30  >  RC 

300-A 

110 

93 

TEMPER  TO  <43  >RC 

300-0 

120 

S3 

GRIND  Q.D.'S  TO  SPEC. 

121-E 

121-1-020 

130 

33 

GAGE  GROUND  DIAMETERS 

140 

33 

VAPOR  DEGREASE 

423-A 

130 

33 

PICKLE  PART  CLEAN 

409-A 

140 

20 

CADHIUH  PLATE  PER  SPEC. 

471— D 

170 

90 

FINAL  INSPECTION*  VISUAL 

APPROVAL .  DATE 

DISTRIBUTION  ! 
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-  ORDER  FORM  - 


AvailSable  Training  Materials  for  Computer-Integrated  Manufacturing 

CAM  Software  Research  Laboratory 
Brigham  Young  University 
265  TECH 


Provo,  UT  84602 
(801)  378-3895 


PUBLICATIONS 

Monographs: 

1  set  Monographs  and  accompanying  wall  charts  for  the  Transportable 
Database  Structure  consisting  of 

a)  Part  Family  Classification,  Monograph  #3 

b)  Material  Classification,  Monograph  #4 

c)  Process  Classification,  Monograph  #5 

d)  Equipment  Classification,  Monograph  #6 

e)  Tooling  Classification,  Monograph  *7 

Price  per  seT:  $200.00 


Papers: 

1  ea  "Classification  &  Coding,  Theory  &  Application" 

Monograph  #2 

1  ea  "An  Approach  to  Computer-Integrated  Manufacturing 

at  Brigham  Young  University" 

1  ea  "Computer-Aided  Simulation  Training  System" 

1  ea  "Computer-Aided  Material  Selection" 

1  ea  'Computer-Aided  Process  Planning' 

I  ea  'Automated  Process  Planning  System:  Design  and  Use" 

(Auerbach) 


$10.00 

N/c 

N/C 

N/C 

N/c 


N/C 
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AIJDTO  VISUAL 


Video: 

1  ea  "DCLASS  Introduction  In  Search  of  the  Problem  Solver"  $  50.00 

3/4",  U-matic  videotape 

Slides: 

1  ea  "Data  Dictionary"  (CAM-I) 

35  mm  slide/sound  presentation  in  80  slide  tray  $150.00 


SOFTWARE 

1  ea  License  to  use  DCLASS  System  on  the  following 

personal  computers  (a  license  must  be  signed): 


IBM  PC-XT 

plus  $  150/month 


S5, 000.00 


HP- 150 

plus  $  150/month 
_Compaq 

plus  $  150/month 


$5,000.00 

$5,000.00 


License  fee  includes  two  (2)  days  of  training  at  BYU,  complete 
documentation,  and  demonstration  systems  for  generative 
process  planning. 


-  ORDER  FORM  - 

[  ]  Check  Enclosed  for  $ _  Date:  _ 

[]  P.0*  _ to  bill  my  company.  Amount _ 

Return  this  form  with  payment  or  P.O.  to:  Please  send  items  to: 

CAM  Software  Research  Laboratory  _ 

Brigham  Young  University 

265  TECH  _ 

Provo,  UT  84602 

(801)  378-3895  _ 
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GENERATIVE  PROCESS  PLANNING 
■  ABSTRACT  ■ 


The  problems  and  needs  of  process  planning  are  presented  along  with 
two  basic  approaches  for  computer  assisted  process  planning.  Character¬ 
istics  of  the  variant  and  generative  approaches  for  process  plannning  are 
discussed.  The  use  of  decision  tables  and  trees  is  explored  as  applied 
to  generative  process  planning.  Implementation  of  logical  decision  trees 
by  means  of  a  unique  tree  handling  system  is  explained  and  typical  generated 
process  pi  ans  are  shown. 


-  KEYWORDS  - 

Generative,  process- pi  anni  ng,  decision,  tables,  trees,  computer- 
aided,  DCLASS,  variant,  selection,  and  sequencing. 


1.  0  I  NT RODUCT I  ON 


1.1  I  mport  a  nee 

The  importance  of  process  planning  is  succinctly  stated  in  the 
s  t  a  t  e  me  n  t :  11  Wi  t  h  o  u  t  the  plan  there  is  no  process:"  and  its  c  o  r  r  o  I  a  r  y 

1  Wi  t  h  o  u  t  the  process  there  is  no  product", 

Creation  of  the  process  plan  is  an  activity  which  is  very  important 
to  orderly  and  efficient  operation  of  the  manufacturing  enterprise.  Once 
the  product  has  been  designed,  work  of  the  process  planner  probably  has 
more  impact  on  the  cost,  quality,  and  rates  of  production  than  any  other 
activity  of  the  enterprise. 

Creation  of  a  process  plan  in  which  process  capabilities  are  mi  s  ma  t  c  h  e  d 
with  product  requirements  can  result  in  excessive  scrap  and  re-work,  low 
output,  excessive  in-process  inventory  and  high  production  costs.  Alter¬ 
natively,  well  formulated  process  plans  can  provide  products  of  the 
required  quality  in  the  desired  "quantity  on  the  planned  schedule  and  at 
a  mi  n  i  ma  I  cost. 

1.2  Problem 

There  are  a  number  of  problems  with  current  manual  planning  methods.  ^ 
These  p  r  o  b  I  e  ms  largely  arise  from  the  fact  that  ma  n  u  a  I  process  planning 
is  a  subjective  function.  It  is  based  on  previous  experience  of  the 
planner,  personal  preference,  extent  of  shop  knowledge,  interpretation 
of  design  r e q u i  r e me n t  s ,  and  many,  many  j  u d g e me n t  factors.  The  result  is: 

I  naccurat  e  pi  ans 
1,  Inconsistent  plans 
3.  High  production  costs 
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Manual  process  planning  requires  continual  re-education  of  planners 
regarding  introduction  of  new  processes  and  retiring  of  obsolete  e q u i  p me n t . 
The  shortage  of  experienced  and  skilled  planners  is  a  serious  problem. 

F  u  r  t  h  e  r  mo  r  e ,  ma  n  y  experienced  planners  are  approaching  r  e  t  i  r  e  me  n  t  age  and 
will  take  their  processing  knowledge  with  them  when  they  retire.  Inability 
to  capture  this  knowledge  base  will  be  a  serious  loss  to  industry. 


1.3  Needs 


As  has  been  pointed  out,  it  is  important  to  have  good,  consistent,  and 
accurate  process  plans  to  regulate  the  production  functions  of  the  ma  n  u  - 
facturing  enterprise.  In  order  to  create  such  plans  it  is  necessary  to 
have  a  logical,  s y s t  e ma t  i  c  process  of  developing  and  ma i  n t  a i  n i  n g  these 
plans.  Furthermore,  it  is  important  to  have  agreed-upon  conventions  and 
rules  for  capturing  the  d e c  i  s  i  o n -  ma k i  n g  logic  of  process  planning. 

Following  are  some  design  objectives  which  have  been  suggested  for 
systems  which  are  to  automatically  generate  process  plans.'" 

1.  Use  only  data  available  on  the  drawing 

2.  Eliminate  all  subjective,  judgemental  choices 

3.  Consistently  produce  the  same  plan  for  the  same  part 

4.  Must  be  simple  to  use;  require  minimal  typing  skills 

5.  Allow  manual  intervention  for  complex  parts 

6.  Easy  to  incorporate  new  production  techniques  in 
s  yst  em  I  ogi  c 

7 .  System  to  operate  on  a  s  ma  I  I  /  me  d  i  u  m  size  c  o  mp  u  t  e  r 

In  order  to  meet  the  above  mentioned  system  design  objectives  it  is 
necessary  to  develop  ( 1 )  a  standard  data  base  and  ( 2 )  a  me  t  h  o  d  of  pro¬ 
cessing  the  data.  Two  computerized  approaches  to  automated  process  planning 
have  been  developed;  the  first  approach  is  called  the  variant  approach  and  the 
second  is  called  the  generative  approach.  These  approaches  along  with  the 
traditional  and  workbook  approaches  will  be  briefly  reviewed. 
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2.0  APPROACHES  TO  PROCESS  PLANNING 


2.  1  Tradi t  i  o  n  a  I  Approach 

The  traditional  approach  to  process  planning  is  to  examine  a  part 
print,  identify  s  i  mi  I  a  r  parts  (from  me  mo  r  y  or  f  r  o  m  a  code  book)  and  ma  n  u  a  I  I  y 
retrieve  process  plans  for  these  similar  parts.  A  new  process  plan  is 
then  created  by  mo  d  i  f  y  i  n  g  and  adapting  the  old  one  to  meet  special 
r  e  q  u  i  r  e  me  n  t  s  of  the  new  part  print.  It  is  also  c  u  s  t  o  ma  r  y  practice  for 
the  process  planner  to  consult  with  the  foreman  in  the  production  shop  to 
find  out  how  the  part  is  really  being  processed.  The  traditional  approach 
to  process  planning  has  some  advantages  and  several  disadvantages.  Two 
advantages  are  its  low  investment  cost,  and  its  flexibility,  Disadvan¬ 
tages  are  the  lack  of  consistency  in  identifying  and  in  planning  even 
s i  mi  I  a r  parts,  difficulty  of  specifying  c o mmo n  tooling,  and  the  difficulty 
of  updating  a  manual  file  to  reflect  new  processes  and  tooling. 

Process  planning  has  been  largely  an  art  -  -  i  nt  ui  t  i  ve,  subjective,  and 
learned  after  considerable  experience.  The  challenge  today  is  that  ma n y 
of  the  n a t  u r  e d  process  engineers  are  reaching  r  e t  i  r  e me n t  age  and  there 
is  not  a  supply  of  process  engineers  waiting  in  the  wings  to  replace  them. 

2.2  Workbook  Approach 

An  innovative  and  quite  efficient  approach  to  process  planning  is  to 
construct  a  workbook  containing  a  menu  of  prestored  sequences  of  opera¬ 
tions  for  given  types  of  workplaces.  These  stored  process  groups  may  be 
quickly  selected  and  sequenced  by  the  process  planner.  The  menu  selections 
are  then  typed  on  the  regular  process  sheet  and  reproduced  as  required. 

An  advantage  of  the  system, is  that  a  few  well  trained  planners  can  produce 
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large  numbers  of  process  plans  for  simple  parts  using  this  method.  The 
main  disadvantage  of  the  method  is  that  only  a  small  number  of  variables 
may  be  accommodated  without  making  the  system  unduly  bulky.  For  example, 
only  a  few  selected  materials  with  a  specified  geometry,  size,  and  quality 
may  be  readily  planned.  As  a  variety  increases,  the  number  of  possible 
permutations  and  pages  in  the  workbook  increases  exponentially. 


2.3  Var  i  ant  Approach 

The  variant  approach  to  process  planning  is  similar  to  the  traditional 
approach  except  that  a  computer  assisted  planning  pr ogr am  ( CAPP)  is  re¬ 
quired.  Also  a  workpiece  classification  and  coding  system  is  needed. 

In  use,  standard  process  plans  for  each  given  family  of  parts  are  stored 
on  magnetic  disc.  Editing  and  high  speed  printing  capabilities  of  the 
computer  are  used  to  good  advantage  in  printing  modified  standard  plans. 

Major  functions  performed  by  the  CAPP  system  are  editing  and  retrieval;  how¬ 
ever,  no  logic  is  available  to  aid  in  creating  or  maintaining  standard  plans. 
The  variant  system  has  been  described  by  Barnes^  as  follows: 

A  variant  system  is  one  based  upon  the  retrieval  and  extension 
of  a  standard  manuf  act  ur  i  ng  plan,  wi  t  h  the  identification  of 
such  plan  resulting  from  an  established  decision  rule.  A 
standard  plan  in  this  case  being  a  permanently  established 
ordered  sequence  of  fabrication  steps  for  a  specific  category 
of  mo n o -  d e t  a  i  I  parts. 

CAPP  system  logic  is  derived  from  Group  Technology  methods  of 
classifying  and  coding  ma c h i  n e d  parts  for  the  purpose  of 
segregating  these  into  family  groups.  Each  part  family  will 
be  comprised  of  "like"  parts  having  attributes  sufficiently 
c  o  mmo  n  to  prescribe  a  c  o  mmo  n  ma  n  u  f  a  c  t  u  r  i  n  g  me  t  h  o  d  to  all  of 
the  parts  in  that  family  group. 

The  "sameness"  of  a  group  of  parts  will  be  determined  by 
analysis  of  the  classification  codes  of  the  encoded  part  spec¬ 
trum.  Sorting  on  discrete  values,  or  sets  or  ranges  of  values, 
for  individual  attributes  embedded  in  the  part  codes,  will 
reduce  the  encoded  part  spectrum  to  increasingly  n u me r o u s , 
homogeneous  groups.  The  final  reduction  will  result  in  part 
families,  each  with  a  membership  of  parts  naturally  suscep¬ 
tible  of  fabrication  by  a  basically  c o mmo n  me t  h o d .  Refine- 
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me n t  and/or  sub-division  of  these  groups  will  probably  then 
be  necessary  to  accommodate  the  constraints,  capabilities 
and  general  characteristics  of  the  object  production  facility. 

In  CAPP  system  terminology,  the  common  manufacturing  method 
established  for  a  specific  part  family  is  the  Standard  Plan 
for  that  part  f ami  I  y, 

So  me  major  disadvantages  of  the  variant  approach  are:  (1)  the  difficulty 
of  constructing  good  standard  plans,  (2)  the  difficulty  of  maintaining 
consistency  in  editing  practices,  (3)  inability  to  adequately  accommodate 
various  combinations  of  geo  me  try,  size,  precision,  material,  quality,  and 
shop  loading,  (4)  the  rather  extensive  keyboard  activity  required  to  enter 
and  mo d i  f  y  plans,  ( 5 )  lack  of  transportability  of  the  system,  and  ( 6 ) 
rather  significant  on-line  data  base  r  e  q  u  i  r  e  me  n  t  s  to  a  c  c  o  mo  d  a  t  e  stored 
plans  and  all  their  mo  d  i  f  i  c  a  t  i  o  n  s .  In  an  effort  to  o  v  e  r  c  o  me  s  o  me  of 
the  difficulties  of  creating  standard  plans  in  a  consistent  manner,  a 
glossary  of  opcodes  and  work  elements  was  created. “This  glossary  pro¬ 
vides  a  list  of  opcodes  for  machined  parts  as  well  as  algorithms  to 
aid  in  creating  opcodes,  work  elements,  and  work  element  parameters  for 
n  o  n - ma  c  h  i  n  i  n  g  processes.  It  has  also  been  found  that  extensive  keyboard 
activity  by  the  CRT  operator  can  be  minimized  by  storing  many  options  with 
each  standard  plan  and  then  deleting  them,  since  the  delete  function  is 
faster  than  keyboard  entry, 

The  conditions  under  which  the  variant  approach  to  process  planning 
seems  most  viable  is  when: 

1,  The  product  design  is  fairly  stable 

2 ,  Lot  size  is  me  d  i  u  m-  h  i  g  h 

3,  Parts  within  a  family  are  of  similar  size 

4,  Material  type  is  the  same  for  all  members  of  the  family 

5,  Few  engineering  changes  are  normally  made 

In  spite  of  the  promised  benefits,  the  variant  approach  to  computer 
aided  process  planning  is  not  widely  used  because  of  the  previously  noted 
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difficulties  and  the  generally  limited  conditions  under  which  it  may  be 
appropriately  applied. 


2.4  Gener  at i  ve  Approach 

The  Generative  approach  to  process  planning  may  be  described  as  a 
system  for  rapid  creation  of  consistent,  repetitive  process  plans  based 
upon  a  series  of  p  r  e  ■  d  e f  i  n  e  d  a  I  g  o  r  i  t  h  ms .  The  p  r  e -  d  e f  i  n  e  d  a  I  g  o  r  i  t  h  ms  ma  y 

include  dec  i  s  i  on- 1  r  ee  logic,  classification  theory,  keywords,  mathematical 
models,  formatting  routines,  and  the  like.  The  major  advantages  of 
Generative  process  planning  are  the  rapidity  and  consistency  with  which 
plans  may  be  generated  and  ease  of  incorporating  into  the  plans  new 
processes,  e  q  u  i  p  me  n  t ,  me  t  h  o  d  s ,  and  tooling. 

Generative  process  planning  was  described  by  Barnes5  in  1976  as 
f  ol  I  ows : 


A  generative  system  does  not  depend  upon  preordained  sequences 
of  operations.  Instead,  it  is  able  to  construct  an  optimum 
fabrication  sequence  of  its  own  accord  through  a  series  of 
more  refined  and  sophisticated  decision  algorithms  which 
operate  with  much  greater  detail  than  those  of  a  variant  system. 

A  generative  approach  is  naturally  desirable  because  of  the 
high  degree  of  automation  achieved,  However,  we  must  walk 
before  we  can  run.  It  is  generally  agreed  that  a  generative 
process  planning  system  must  interrogate  a  3  -  d  i  me  n  s  i  o  n  a  I 
CAM  part  model  as  well  as  a  comprehensive  manufacturing 
technology  data  base  for  the  system  capability  envisioned 
to  b e c o me  a  reality.  Progress  is  being  ma d e  in  both  of 
these  areas  on  many  fronts.  General  solutions  for  the 
two  requirements  are,  however,  not  yet  available. 

The  r  e q u i  r  e me n t  s  for  generative  process  planning  noted  by  Barnes  are: 

Logical  decision  a  I  g  o  r  i  t  h  ms 
1,  CAD  part  model 

3.  Manufacturing  technology  data  base 

Wh i  I  e  these  r  e q u  i  r  e me n t  s  have  not  been  totally  met  today,  significant  break¬ 
throughs  have  ma d e  it  possible  to  do  generative  process  planning  for  ma n y 
types  of  parts  and  assembl  i  es. 


3.  0  DECI SI  ON  TABLES  AND  TREES 


Logical  deci  si  on-maki  ng  a  I  g  o  r  i  t  h  ms  are  critical  to  generate  process 
planning.  Development  of  decision  trees  logic  in  the  late  1  9  5  0' s  paved 
the  way  for  capturing  the  complex  logic  required  for  process  planning  by 
means  of  d e c  i  s  i  o n ■  t  a b I  e s  and  d e c  i  s  i  o n ■  t  r  e e s . 

3.1  Deci  si  on  Tabl  es 

The  cost  of  computer  programming,  debugging,  and  maintenance  is  now 

a  substantial  cost  of  a  computer  system.  Programming  productivity  and 

efficiency  are  becomming  very  important  factors  in  controlling  software 

costs  and  providing  rapid  response  to  required  system  changes.  In 

addressing  these  issues  Humby  (1973)  says: 

One  of  the  features  of  a  well-  designed  program  is  the  ease 
with  which  it  can  be  modified.  Ease  of  development  corres¬ 
ponds  closely  to  the  systematic  way  the  program  was  planned. 

The  use  of  decision  tables  is  often  a  h  a  I  I  ma  r  k  of  the  sys- 
t  e  ma  t  i  c  approach.  ( p . 1 ) 

One  of  the  sure  things  in  a  manufacturing  related  computer  program  is  change. 

Change  is  required  because  of  changes  in  the  product  design,  productive 

capability,  c o n s u me r  d e ma n d s ,  i  mp r  o v e d  understanding  of  interrelated 

variables  and  many  other  factors.  In  order  to  accommodate  required  changes 

in  an  efficient  manner,  Humby  offers  this  important  advice: 

One  strategy.,  .in  designing  a  pr  ogr  am  t  hat  is  to  be  easily 
updated  is  to  consider  those  aspects  that  are  most  liable 
to  change  and  to  arrange  (them  in  the  form)  of  tables  that 
can  easily  be  renewed. 

Decision  tables  are  composed  of  conditions,  data,  and  actions  which 
are  the  principal  e  I  e  me  n  t  s  of  all  c  o  mp  u  t  e  r  p  r  o  g  r  a  ms .  ( F  i  g .  1 ) 
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Conditions 


Rules 


FIGURE  1.  Decision  Table-Basic  Elements 

Decision  tables  may  be  used,  not  only  as  a  device  which  readily  accomo¬ 
dates  data  changes  but,  one  which  may  also  contain  a  large  part  of  the 
logic  of  any  program. ^ 

Decision  tables  were  introduced  in  1957  as  aids  for  programming 
tasks  requiring  many  logical  processing  actions  but  few  arithmetic  opera¬ 
tions.8  Decision  tables  are  also  very  useful  for  systems  analysis  work 
in  which  logical  alternatives  are  to  be  assessed.  Furthermore,  decision 
tables  are  a  useful  aid  in  reducing  problems  to  their  simplest  form  and 
present  the  results  in  a  form  that  is  easy  to  visualize  and  grasp. 
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A  dec i si  on  table  may  be  defined  as  a  tabular  arrangement  in  which  are 
defined  all  prerequisite  conditions  for  all  possible  logical  actions  of  a 
system  separated  from  these  possible  actions.  Given  combinations  of 
conditions  are  related  to  appropriate  actions  by  means  of  columns  of 
entries  which  constitute  decision  rules.  The  "If-Then"  relationship  of 
the  decision  rules  is  a  significant  feature  of  decision  table  logic. 

3.1.1  Workpiece  Classification  Application 

Decision  tables  are  intended  to  direct  complex  processing  of  infor¬ 
mation  in  a  compact  and  efficient  manner,  such  as  with  workpiece  classi¬ 
fication  or  process  planning.  For  example,  shown  in  Figure  2  is  a  typical 
workpiecece  which  is  to  be  classified  as  a  prerequisite  to  process  planning 
In  Figure  3  and  4  are  shown  decision  tables  to  aid  in  this  workpiece 
classification  and  workpiece  families.  The  double  horizontal  and  verti¬ 
cal  lines  separate  the  conditions  from  the  actions.  Conditions  are  shown 
above  the  double  lines  and  actions  below  them.  Each  vertical  combination 
of  conditions  and  actions  is  called  a  decision  rule.  The  table  is  read  by 
examining  a  single  rule  at  a  time  in  conjunction  with  the  conditions  at 
the  left.  Decision  Rule  8,  for  example,  portrays  the  following  logic: 

IF  the  cylindrical  workpiece  to  be  classified  has  multiple  diameters 
(three  in  number)  stepped  to  one  end  with  increasing  steps,  and  with  a 
thru  going  bore  THEN  the  part  family  code  to  be  assigned  is  B21.  This 
same  logic  can  be  extended  as  far  as  necessary  to  aid  in  classifying 
various  parts. 

Some  decision  tables  are  self-contained  or  "closed”  as  shown  in  the 
previous  examples.  However,  it  is  often  desireable  to  call  one  table 
from  another  table  to  perform  a  specific  function  as  with  a  subroutine. 
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FIGURE  3  ■  Cylindrical  Parts  Decision  Table 
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and  then  return  to  the  original  table.  In  Figure  5  are  shown  several 
decision  tables  and  their  sequence  of  execution,  The  calling  table  are 
"open"  tables  and  are  often  executed  by  a  "Go- To"  statement.  The  closed 
table  performs  the  function  of  a  subroutine  and  may  be  accessed  by  using 
the  "Do"  command. 


B01 


A30 


B41 


FIGURE  4  -  Workpiece  Families  For  Decision  Table 
Shown  in  Figure  3 

3.  1.  2  Process  PI  anni  ng  Appl i  cat i  on 

Another  possible  application  for  decision  tables  is  in  auto ma ted 
process  planning.  In  Figure  6  is  shown  a  process  decision  table  for  a 
plain  cylindrical  workpiece  which  has  been  classified  as  belonging  to 
family  “  AOV' .  Decision  Rule  1  shows  that  the  workpiece  can  be  produced 
by  material  removal  processes  and  gives  an  instruction  to  go  to  table  100. 
Table  100  (Figure  7)  in  turn  shows  that  the  part  is  to  be  made  by  mechani¬ 
cal  material  removal  processes  and  Table  110  shows  that  the  part  should 
be  turned  and  ground.  It  is  quite  easy  to  see  how  this  logic  could  be 
expanded  to  include  alternate  materials,  part  sizes,  and  production 
quantities. 
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TABLE  001 


OPEN 


(Conditional) 


GO  TO  TABLE  002 


TABLE  002 


OPEN 


(Conditional) 


00  TABLE  003 
next  action 


GO  TO  TABLE  004 


TABLE  004 


OPEN 


(Conditional) 


DO  TABLE  0C2 
next  action 


GO  TO  TABLE  002 


F-IGURE  5  -  Decision  Table  Sequencing 


BASIC  SHAPE:  A00 


Process  Decision  Table 


Table:  A00  (Basic  Shape) 

1  2  3  4  5  6  7 

Material  Removal  Process 

Forming  /  Forging 

© 

Casting  /  Molding 

© 

Thermal  Treating 

N 

Cleaning  /  Finishing 

N 

Joining 

N 

Inspect 

N 

GO  TO  Table  100 

GO  TO  Table  200 

GO  TO  Table  300 

GO  TO  Table  400 

GO  TO  Table  500 

GO  TO  Table  Q00 

GO  TO  Table  700 

RE-ENTER  TABLE 

X  X  X  X  X  XX 

FIGURE  6 


Process  Decision  Table 
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While  decision  tables  are  potentially  good  tools,  they  are  not 
widely  understood  nor  used.  They  are  quite  difficult  to  maintain  in 
practice  and  present  some  difficulty  in  expansion  and  updating.  Finally, 
few  decision  table  handlers  are  available.  With  these  problems  in  mi  n  d , 
the  next  section  deals  with  a  new  approach  to  decision  logic. 


FIGURE  7  •  Decision  Table  for  Process  Planning 
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3.2  Decision  Trees 
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Decision  tables  may  be  converted  into  decision  trees  as  shown  in 
Figure  8. 6 


Decision  Table  -  Decision  Tree 


CONDITIONS  Cl 

®Y  Y YNNNN 

C2 

®Y  NNYYNN 

03 

®N  Y  N  Y  N  Y  N 

ACTIONS 

®bcdefgh 

C3 


FIGURE  8.  Decision  Table  Conversion  To  A  Decision  Tree 

Decision  trees  have  certain  definite  benefits  over  decision  tables: 

Fi  r  st ,  trees  are  easier  to  update  and  ma  i  n  t  a  i  n  than  decision  tables. 
Second,  selected  branches  of  the  decision  tree  may  be  extended  to  a  con¬ 
siderable  depth  if  necessary,  while  other  branches  may  be  quite  short, 
which  is  more  difficult  to  do  with  decision  tables.  Thi  r d.  some  branches 
of  the  decision  tree  may  be  used  to  define  TYPE  and  others,  ATTRIBUTES, 
which  results  in  relatively  small  trees,  and  Fourth,  trees  are  easy  to 
customize,  visualize,  develop,  and  de-bus.  There  are  several  types  of 
trees  which  may  be  developed  to  aid  in  classification,  characterization, 
selection,  and  complex  decision-  maki  n  g .  These  types  of  trees  will  now 
be  hr i ef I y  discussed. 
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3.2.1  E-Trees 

The  E-tree  shown  in  Figure  9  is  basically  a  hierarchal  tree  consisting 
of  mu  t  u  a  1 1  y  exclusive  paths.  There  ma  y  be  binary  or  mu  1 1  i  p  I  e  branches  at 
each  node.  Experience  has  shown  that  an  excessive  number  of  branches  at 

a  given  node  increases  the  likelihood  of  incorrect  path  selection.  The 
E-tree  is  useful  in  dividing  large  populations  of  things  by  type  and  sub- 
type  into  s  ma  1 1 ,  ma  n  a  g  e  a  b  I  e  f  a  mi  I  i  e  s . 


FI  GU RE  9.  E- Tree 

In  use, a  keyword  is  entered  and  ONE  path  is  selected  at  each  node 
until  a  terminal  node  is  reached.  The  E-tree  is  particularly  useful  for 
classification  and  design  retrieval.  Family  codes  may  be  associated  with 
terminal  nodes  if  desireable.  In  Figure  10  is  shown  a  portion  of  an 
E- 1  r  ee  for  wor  kpi  ece  classification, 
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During  tree  traversal  with  computerized  systems  bit-strings  may  be  gen¬ 
erated  which  provides  a  very  rapid  method  of  comparison  for  retrieving  of 
si  mi  I  ar  parts. 


E- Tr  ee 

Exclusive  Path 


Workpiece  Classification 


Centric 


Rot  at i  on  a  1 

Co n c e nt  r  i  c 

Gear-Like 

Columnar 

Non-Rotationai 

Sheet  Form 

Box-Like  Solid 

O/T  Above 

FIGURE  10.  Workpiece  Classification  Tree 


3.  2.  2  N-Tree 

Another  very  useful  type  of  tree  is  the  N-tree  which  stands  for  NON 
mutually  exclusive  path  selection.  This  tree,  shown  in  Figure  11  allows 
the  user  to  characterize  a  given  entity  (workpiece)  to  almost  any  degree 
desired.  In  use,  any  n u mb e r  of  nodes  may  be  selected  concurrently.  The 
attributes  selected  ma  y  include  form  features  (holes,  slots,  threads, 
etc.),  t  r  e a t  me n t  s  (anneal,  n o r  ma  I  i  z  e ,  surface  harden,  etc.)  or  finishes 
(anodize,  c  h  r  o  me  p  I  a  t  e ,  burnish,  etc.).  I  n  addition,  position,  orienta¬ 
tion,  and  any  pattern  of  features  may  be  described  with  an  N-tree.  Attri 
butes  of  particular  interest  are  those  required  for  process  planning  and 
e  s  t  i  ma  t  i  n  g . 
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Radius 


Projection 
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3.2.4  D-Tree 

The  D-tree  or  decision  tree  is  useful  for  complex  decision-making. 
Output  codes  or  keys  collected  from  E-trees  and  N-trees  may  be  used  as 
input  keys  to  decision  trees.  With  this  approach  and  decision  tree  handl¬ 
ing  systems  such  as  DCLASS,  automatic  decision  making  results.  For  example 
complex  process  plans  may  be  generated,  equipment  and  processing  para¬ 
meters  selected,  and  costs  esti  mated--automati  cal  I  y.  In  Figure  12  is 
shown  part  of  a  decision-tree  for  generative  process  plans  for  sheet  metal 
parts. 


FIGURE  12.  D-Tree 

The  D-tree  forms  the  basis  for  one  common  method  of  generative  process 
planning. 

Use  of  the  D-tree  approach  enables  an  organization  to  capture  company- 
specific  logic  and  standardize  of  production  methods  for  given  families 
of  products.  This  same  type  of  logic  may  also  be  applied  to  many  other 
aspects  of  the  manufacturing  enterprise. 
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4.  0  GENERATI VE  PROCESS  P L ANNI  NG 


Generative  process  planning  using  tree  structures  poses  several 
possibilities.  First,  is  the  use  of  decision  trees  with  keys  and  second, 
the  use  of  hierarchal  information  trees  with  keyyords. 

In  the  decision  tree  approach,  the  information  required  for  process 
planning  is  first  acquired  fromthe  classification  of  the  part.  This 
information  (keys)  are  then  used  to  determine  the  path  selection  on  a 
process  decision  tree.  The  path  selected  contains  the  processes, 
equip  me nt,  and  tooling  required  to  manufacture  a  given  part, 

The  hierarchal  i  n  f  o  r  ma  t  i  o  n  tree  approach  is  based  on  the  classifi¬ 
cation  of  items  rather  than  if.  ..then  ...decisionsion  tree  logic.  Keywords 

are  loaded  against  general  type  information  trees  and  the  logical  combi¬ 
nations  of  the  keywords  will  output  the  necessary  processes,  equipment, 
and  tooling  required. 

4.1  Decision  Logic  Trees 

Process  planning  using  decision  logic  trees  consists  of  two  major 
functions,  part  i  n  f  o  r  ma  t  i  o  n  acquisition  and  decision  tree  traversal. 

The  part  i  n f  o r  ma t  i  o n  can  be  acquired  by  traversal  of  general  classi¬ 

fication  and  coding  tree.  S  o  me  of  the  ma  j  o  r  i  t  e  ms  that  need  to  be 
included  in  this  classification  are  basic  shape,  features,  treat  me  n  t  s , 
size,  quantity,  tolerance,  critical  dimensions  Figure  13  and  material  Fig¬ 
ure  14.  As  these  items  are  encountered  during  the  coding  of  the  part,  keys  are 
collected  and  stored  for  later  use  on  the  decision  tree.  $ o me  mi  n o r 
calculations  such  as  length/diameter  ratios  may  also  be  done  during  the 
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classification  of  the  part.  The  i  n f  o r  ma t  i  on  collected  (keys,  variables, 
codes)  is  then  transferred  to  a  process  decision  tree. 

The  decision  tree  has  several  features  not  found  in  other  tree 
structures.  These  features  include  the  option  of  structuring  the  tree 
to  properly  sequence  output,  the  ability  to  be  easily  modified  to 
accommodate  new  capabilities  or  capacities,  the  ability  to  detect,  at 
specific  decision  points,  keys  from  previous  trees,  and  to  use  these 
keys  t  o  choose  a  particular  pat  h. 

The  process  decision  tree  is  structured  to  duplicate  an  existing 
ma  n  u  f  a  c  t  u  r i  n  g  facility  as  to  its  process  capabilities,  e  q  u  i  p  me  n  t ,  and 
planning  strategies.  These  i t  e  ms  are  structured  into  if.,  .then... 
logical  situations  with  the  appropriate  decision  points  set  to  detect 
part i  cul  ar  keys. 

Process  planning  is  then  accomplished  by  classifying  a  particular 
part  to  obtain  the  keys,  codes,  and  variables  required  to  traverse  the 
decision  on  tree  Figure  15.  This  information  is  passed  to  the  decision  tree 
which  is  then  traversed  automatically,  stopping  only  to  ask  any  unanswered 
q  u  e  s  t  i  o  n  s .  The  path  through  the  tree  is  d  e  t  e  r  mi  n  e  d  by  the  keys  and 
variables  obtained  from  previous  trees.  The  result  of  the  tree 
traversal  and  its  subsequent  path  is  a  series  of  codes  in  a  given 

sequence.  These  codes  can  then  be  passed  to  a  text  editor  or  report 
generator  for  processing  into  the  appropriate  text  and  f  o  r  ma  t  for  a 
process  routing  sheet.  Attachments  A,  B  and  C  are  sample  outputs  generated 
by  this  method  using  several  small  demonstration  trees.  Output  may  be 

varied  to  include  as  much  or  as  little  detail  as  required  depending  upon 

the  c o mp I  e x i  t  y  of  the  decision  tree  structure  and  the  text  editor.  T i  me 

standards  ma y  also  be  calculated  using  appropriate  decision  trees. 
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4.2  Hierarchal  Information  Trees 


The  second  approach  to  generate  process  planning  is  to  use  hierarchal 
information  trees  (E-  trees  and  keywords)  instead  of  decision  trees,  While 
this  method  has  not  been  fully  tested  at  present,  it  has  several  potential 

advantages  over  decision  trees  for  so  me  applications.  The  most  notable 

advantage,  is  that  any  ma  n  u  f  a  c  t  u  r  i  n  g  facility  can  use  the  general  taxonom¬ 
ies  without  having  to  redevelop  company  specific  decision  trees,  thus  pro¬ 
viding  transportability, 

In  order  to  perform  generative  process  planning  hierarchal  information 
trees  the  following  prerequisites  are  needed: 

1 )  Wo  r  k  p  i  e  c  e  Classification  System 

2)  Process  Taxonomy 

3)  Materials  Taxonomy 

4)  Equip  me  nt  Taxonomy 

5)  Tooling  Taxonomy 

6)  Keywords  and  Codes 

Items  1  through  5  are  general  classification  trees  that  are  transpor¬ 
table  to  any  manufacturing  facility.  The  keywords  and  codes  are  user 
defined  to  make  the  trees  reflect  a  particular  ma  n  u  f  a  c  t  u  r i  n  g  situation. 

After  the  trees  have  been  established,  the  keywords  must  be  loaded 
onto  them.  Keywords  need  to  be  developed  for  such  things  as  basic  shapes, 
form  features,  treat  me  n  t  s ,  quantity,  material,  tolerance,  etc.  These 
keywords  are  derived  from  the  workpiece  classification,  The  keywords 
are  then  individually  loaded  on  the  taxonomies  by  traversing  the  tree 
and  selecting  all  paths  that  pertain  to  that  keyword. 
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This  approach  requires  the  use  of  two  process  trees.  The  first  tree 
is  used  to  determine  the  major  process  to  create  the  basic  shape  of  the 
part  while  the  second  tree  contains  all  the  possible  operations  needed 

for  the  details  of  the  process  routing  sheet. 

Process  planning  may  be  accomplished  by  classifying  the  part,  which 

supplies  a  list  of  keywords  and  codes.  These  keywords  may  then  be  logically 
"anded"  on  the  taxonomies  with  suitable  processes,  equipment,  and  tooling 
codes  provided  as  output  codes.  Since  the  taxonomy  cannot  be  structured 
to  sequence  its  output,  sequencing  is  needed  to  list  the  codes  in  proper 
order  for  the  routing  sheet.  Three  possible  sequencing  me  t  h  o  d  s  include 

1 )  ma  n u a  I  sequencing,  2 )  use  of  a  sequencing  algorithm  such  as  a  truth 
table,  or  3)  the  creation  of  a  decision  tree  for  sequencing.  As  with  the 
decision  tree,  the  output  codes  ma y  then  be  transferred  to  a  text  editor 
or  report  generator  to  be  properly  f  o  r  ma  1 1  e  d  into  a  routing  sheet. 
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5.0  SUMMARY 


In  Generative  Process  Planning  using  Decision  Trees,  the  planning 
algorithm  is  contained  in  the  tree  structure  and  keys.  The  keys  picked 
up  from  previous  information  trees,  with  their  associated  linkages, 
are  used  to  traverse  a  process  tree  a  u  t  o  ma  t  i  c  a  I  I  y ,  stopping  only  to  ask 
unanswered  questions.  Because  of  the  nature  of  a  decision  tree,  it  can 
be  structured  to  sequence  its  output  (codes)  depending  on  the  path 
through  the  tree.  This  is  particularly  useful  for  the  sequencing  of 
detail  operations  as  part  characteristics  are  changed. 

The  decision  tree  is  built  to  reflect  a  given  manufacturing  shop 
along  with  the  manufacturing  theory  of  the  facility.  If  capabilities 
or  capacities  are  acquired  or  lost,  the  decision  tree  is  easily  mo  d  i  f  i  e  d 
to  reflect  those  changes.  As  plans  can  be  generated  each  time,  instead 
of  retrieved  from  old  files,  they  are  constantly  in  harmony  with  the 
capabilities  and  capacities  of  the  existing  manufacturing  facility. 

In  the  hierarchal  approach,  general  information  trees  or  taxonomies 
may  be  used  with  the  planning  al  gor  i  t  hm  cont  ai  ned  in  the  keywords  and  their 
associated  c o mb i  n a t  i  o n  of  paths  through  the  trees.  Wh i  I  e  new  trees  do  not 
have  to  be  redeveloped  for  each  facility,  the  keyword  paths  must  be 
established  by  each  user.  An  external  sequencer  is  also  required. 

Generative  process  planning  is  almost  totally  automatic.  It  requires 
minimal  input  from  the  operator,  and  then  only  when  logic  has  not  been 
completely  satisfied,  or  when  human  decision  making  is  best,  It  is 
believed  that  perhaps  as  much  as  80  percent  of  the  process  plans  may  be 
generated,  and  the  balance,  which  will  be  the  more  difficult  ones,  left 


B- 51 


-26- 


to  experienced  process  planners.  Thus,  the  goal  is  to  let  ma chines  do 
those  things  for  which  they  are  best  suited,  namely  the  routine,  logical 
and  high  speed  searching  and  comparison,  and  let  humans  perform  the  mo  re 
complex,  non-routine,  and  creative  tasks. 

*  *  *  * 


B-  52 


REFERENCES 


1.  Wamba,  Phil,  "Boeing  Generative  Process  Planning  System"  Boeing 
Computer  Services,  Inc.  Seattle,  WA.  Coverhead  slide  presen- 
tati  on, 


2.  Ibid. 

3.  Barnes.  Robert  D.  "Group  Technology  Concepts  Relative  to  the  CAM- 1 

Automated  Process  Planning  (CAPP)  System  presented  to  the  Execu¬ 
tive  Seminar  on  Coding,  Classification  and  Group  Technology  for 
automated  planning,  21  Jan.  1  9  7  6,  St.  Louis,  MO,  p.  136. 

4.  Allen,  Dell  K.  "Computer  Aided  Process  Planning  OPCODES  and  Work 

Elements  for  Machined  Parts"  Final  Report  for  CAM-1,  Inc. 

Arlington,  TX,  Dec .  2,  1  9  7  8. 

5.  Bar  nes,  Robert ,  D.  Op.  Ci  t .  p.  136. 

6.  Humby,  E .  ,  Programs  from  Decision  Tables,  American  Elsevier,  N .  Y .  1973. 
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Attachment  A 


TURNED  PART 


PART  NO.  NEW 

SHAPE  :  AlO  MAIL  :  A3-4340 

DATE  :  15- S  E  F -  80 

PART  NAME  :  LOCK  BOLT 

REVI  SI  ON  NO:  2 

PLANNER  :  PAUL  R.  SMITH 

Op F '  NO  DEPT  DESCRI  pTI ON 

EQUI  F 

TOOL  1  NG  STD  Tl  ME  REMARKS 

10 

10 

TURN  FIRST  (  2.00 

) 

101-  D 

101 

-1-020 

Dl  AMETER 

101 

-7-020 

20 

10 

TURN  SECOND  (  .750 

1 

Dl  AMETER 

30 

10 

TURN  CHAMFERS 

101-  D 

101 

1-020 

101 

7-  020 

40 

10 

TURN  CLEARANCE  GROOVE 

101-  D 

104 

1-080 

FOR  AXIAL  THREAD 

104 

7-  040 

50 

10 

TURN  (  3/4-16  ) 

SI  ZE 

101-  D 

105 

1-  025 

UNF  THREAD 

105 

7-  020 

60 

10 

CUT  TO  (  3.00 

1 

101-  D 

104 

1-020 

LENGTH 

104 

7-  020 

70 

25 

CENTER  DRILL  FOR  RADIAL 

111-  G 

111 

1-  040 

HOLE 

111 

8-020 

110 

7-  080 

80 

2  5 

DRILL  (  .5  0  0  ) 

RADI  AL 

111-  G 

111 

1-020 

HOLE  THRU 

111 

8-020 

110 

7-  080 

90 

15 

HANU  DEBURR 

613- 

1-020 

100 

95 

HEAT  TREAT  (  56 

1 

5  0  0  -  A 

TO  RC  HARDNESS 

110 

90 

FINAL  INSPECTION,  VISUAL 

APPROVAL. . 

.  D 

A  T 

E 

Dl  STRI  BUTI  ON 


INDUSTRIAL  ENGINEERING 


Attachment  B 


SHEET  METAL  PART 


PART  NO,  NEW  PART  NAME  :  BRACKET 

SHAPE  :  N 1 0  /  I  AT  L  :  Dl-  2  0  2  4  REVISION  NO  :  5 

DATE  :  15-  SEP-  80  PLANNER  :  PAUL  R.  SMITH 


OF  NO.  DEPT  DESCRIPTION  EQUIP  TOOLING  STD  TIME  RMRKS 


1  0  3  0  SHEAR  STOCK  (  48.0  I  1 3 1  -  A  131-1-020 

TO  BLANK  LENGTH 

20  30  SHEAR  STOCK  <8.0  I 

TO  BLANK  WIDTH 

30  65  STAMP  REGULAR  HOLES  140-T 

40  70  BEND  45  DEGREES  350-4  351-1-020 

50  TON  PRESS  BRAKE 

5  0  7  0  JOGGLE  BEND  3  6  0  -  A  3  5  3  -  1  -  0  2  0 

60  15  HAND  DEBURR  613-1-020 

7  0  2  0  ANODI  ZE  6  7  3  -  A 

80  90  FI  NAL  I  NSPECTI  ON  VI  SUAL 


APPROVAL ..................  DATE ♦ . 

DISTRIBUTION  l  PRODUCTION  CONTROL 
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Attachment  C 


. PRI.NTE.D.  Wl  RI.NG  BOARD  .ASSEMBLY . 

PART  NO.  NEW]  PART  NAME  :  MEMORY  BOARD 

SHAPE  :  RML 1  MAT  L  :  T  2  -  E  F '  OX  REVISION  NO  :  6 

DATE  :  16-SEF-80  PLANNER  :  PAUL  R.  SMITH 

OP  NO  DEF’T  DESCRIPTION  EQUIP  TOOLING  STD  TIME  RMRNS 

10  10  ETCH  ALL  LAYERS 

2  0  3  0  L A i  I  I  NATE  (  6  I 

BOARD  LAYERS 

3  0  4  5  DRILL  MOUNTING  HOLES 

40  45  ROUT  BOARD  EDGES 

50  65  SELECT  HARDWARE  (MANUAL) 

60  65  SELECT  COMPONENTS  (MANUAL) 

70  75  I  NSTALL  HARDWARE 

80  75  PREFORM  COMPONENTS 

90  80  INSERT  COMPONENTS 

FIVE  OPERATORS 

100  25  TRIM  COMPONENT  LEADS 

110  60  BAKE  BOARD  DRY 

120  35  HAND  SOLDER 

130  45  RUN  FUNCTIONAL  TEST 

140  45  RUN  HOT  8  COLD  TEST 

150  55  RUN  BURN-IN  TEST 

APPROVAL . DATE . 

DISTRIBUTION  PRODUCTION  CONTROL 
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197- A  197-  2-  MUL 
2  8  2  -  A 

111-  D  111-1-020 
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2/86 


DCLASS  LICENSE  AND  FEE  STRUCTURE 

DEFI  Nl  T I  ONS 

I.  The  following  operating  systems  are  designated  as  "Type  A"  Installations: 

Type  Al  Type  Al I 

1,  VAX  1  1  /  7  8  0  VMS  1,  IBM/TSO 

2,  HP  3  0  0  0  MPE  2,  UNI  VAC  1  1  0  0  0  S1  100 

3,  IBM  3  7  0  V  M/  CMS  3,  Data  General  MV4000  AOS/VS 

H.  The  following  operating  systems  are  designated  as  “Type  B“  Installations: 

1,  Apollo  Domain/Aegis  Operating  System 

2.  Mi  cro  VAX  11/ VMS 

III.  The  following  operating  systems  are  designated  as  'Type  C"  Installations: 

1,  I  BM  PC-  XT  DOS  or  compat  i  bl  e 


PAYMENTS 


Fees  (per  Installation)  for  “Type  A"  Installations 


A,  First  Installation: 

1,  Lump  sum  payments:  Twenty-Five  Thousand  Dollars  ($  2  5,000.00) 
upon  delivery  of  the  documentation;  and  Twenty  Thousand  Dollars 
($20,000.00)  upon  successful  completion  of  the  Installation;  and 

2.  Yearly  payments:  Six  Thousand  Dollars  ($6,000.00)  per  year  for  Type 
Al  systems;  Nine  Thousand  Dollars  ($9,000.00)  per  year  for  Type  All 

s  y  s  t  e  ms . 


B,  Additional  Installations 


Discounts  for  additional  "Type  A“  Installations  will  be  separately 
negoti  ated. 


(over) 
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11,  Fees  (per  Installation)  for  “Type  B“  Installations 
A.  First  I  nstal  I  ati  on: 


1.  Lump  sum  payments:  Five  Thousand  Dollars  ($  5,0  0  0.0  0  )  per 
Installation  upon  delivery  of  the  d o c u me n t  a t  i  o n ;  and  Five  Thousand 
Dollars  ($  5,0  0  0.0  0  )  per  Installation  upon  successful  completion  of  the 
Installation;  and 

2,  Yearly  payments:  One  Thousand  Eight  Hundred  Dollars  ($1,800.00) 
per  year  per  I  nst  al  I  at  i  on. 


B.  Addi  t  i  onal  Install  ati  ons 


Discounts  for  additional  "Type  B"  Installations  will  be  separately 
negoti ated. 


III.  Fees  (per  Installation)  for  “Type  C"  Installations 


A.  For  licensees  not  having  a  “TYpe  A“  Installation,  or  for  licensees  where 
the  first  Installation  will  be  a  “Type  C"  Installation,  payment  for  the  first 
"Type  C“  I  nstal I ati on  s  h  a  1 1  be: 

1.  Lump  sum  payment:  Five  Thousand  Dollars  ($  5,0  0  0.0  0)  upon  delivery 
of  the  d o c  u me n t  a t  i  o n ;  and 

l  Yearly  payments  One  Thousand  Eight  Hundred  Dollars  ($1,800.00) 
per  year. 


B.  For  I  i  r  p  n  <;  p  p  q  having  one  or  more  'Type  A"  Installations,  payments  for  the 
first  “Type  C“  Installation  shall  he: 

1,  Lump  sum  payment:  Two  Thousand  Dollars  ($  2,0  0  0.0  0  )  upon  delivery 
of  the  d o c u me n t  a t  i  o n ;  and 

l  Yearly  payments:  Six  Hundred  Dollars  ($600.00)  per  year. 


c,  Addi  t  i  onal  Installation: 

Discounts  for  additional  "Type  C“  Installations  will  be  separately 
negoti  ated. 
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APPENDIX  C 


EXAMPLE  DATA 


Appendix  C  presents  information  and  data  concerning  the 
example  discussed  in  Section  3.6  that  were  either  too  bulky 
or  not  appropriate  to  include  in  the  text  of  the  manual.  All 
of  the  information  and  data  concern  computer  aided 
classification  and  coding  using  DCLASS. 


APPENDIX  C  -  EXAMPLE  DATA  Page 

Viewing  the  Example  C-2 

Source  File  C-3 

List  of  Interim  Products  C-9 

code  Histogram  C-23 
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VIEWING  THE  EXAMPLE 


The  computer  aided  portion  of  the  example  was  performed 
on  a  computer  located  at  the  CAM  Software  Research  Center 
of  Brigham  Young  University.  At  the  conclusion  of  the 
example,  the  Administrators  of  the  CAM  Center  agreed  to 
leave  the  classification  and  coding  system  and  the  example 
data  on  file  in  the  computer  for  review  via  modem  access  by 
interested  shipbuilders.  To  review  the  system  and  the 
example,  please  contact: 

Paul  Smith 

CAM  Software  Research  Center 

265  Tech 

Provo,  Utah  84602 
(801)  378-3895 
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SOURCE  FILE 


The  source  is  the  file  which  describes  the  tree  structure, 
attributes  and  codes  in  DCLASS. 
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2 

3 

4 

5 

6 
7 

e 

9 

10 

u 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

77 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 
38 

59 

60 
61 
62 

63 

64 

65 

66 
"67 

68 

69 

70 

71 

72 

73 

74 

75 


SUBTREE  IA  INTERIM  PRODUCT  DESIGNATION 
::TREE 

IFD.1.2  4  HULL. 2.1  BLCK.3.1  ZOND.4.1  SUZN.5.1 
JjTEXT 

1  INTERIM  PRODUCT  DESIGNATION 


ENTER  HULL  NO. 

ENTER  BLOCK  NO. 

ENTER  ZONE  NO. 

ENTER  SUB  -  ZONE  NO. 


2  HUL 

3  BLK 

4  ZON 

5  SZN 
5}  END 

;; SUBTREE  TA  HAIN  USE  THIS  ONE 
; ; TREE 

WORK. 1.2  3  UP. 56.1  VARS.55.14  PUCC.2 

PUCC.2  3  BLOCK. 4. 11  OUTFIT.5.12  PAINT.6.13 
:://  RESOUR. 3  3  HATER.7.14  HAN.8.15  EXPENS.9.16 
■•TEXT 

{'  PRODUCT  WORK  CLASSIFICATION  t  CODING 

2  PRODUCT  ASPECTS  BY  WORK  TYPE 

3  PRODUCT  RESOURCES 

4  HULL  BLOCK  CONSTRUCTION 
ZONE  OUTFITTING 
ZONE  PAINTING 
MATERIAL 
MANPOWER 

FACILITIES  AND  EXPENSES 

55  INTERIM  PRODUCT  DESIGNATION 

56  HP  -  ENTER  WORK  PACKAGE  NUMBER 
j  t CALLED  SUBTREES 

11  TB  HULL  BLOCK  CONSTRUCTION 

12  TC  ZONE  OUTFITTING 

13  TD  ZONE  PAINTING 

14  IA 
CODES 

BLOCK  H 
OUTFIT  Z 
PAINT  P 
jjEND 

| ; SUBTREE  TB  TEST  JULI 
; jTREE 

*  HULL. 1.1  7  PARTI. 5  PART2.6  SUB1.7 
SEHI1.9  BL0CK1.13  BL0CK2.14  HULL1.18 
PARTI. 5.2  3  Z0NE1.21  AREA1.8  STAGE1.27 

*  AREA1.8.1  5  PARLEL.10  NONPAR.ll  INTERN. 12 
ROLLED. 46  0THER.23 

STAGE1.27.1  3  PJ0IN.15  HARK. 16  BEND. 17 
PART2.6.2  3  Z0NE2.22  AREA2.8  STAGE2.27 
Z0NE2.22.1  2  PARTS. 2  SUB2.3 
AREA2.8.1  2  SUBP1.20  BUPART.19 
STAGE2.27.1  2  ASSEH1.25  BEND1.17 
SUB1.7.2  3  ZONES. 22  AREA3.8  STAGE3.27 
Z0NE3.22.1  2  SBLK1.3  HIL1.24 
AREAS. 8.1  2  SIHL1.28  SIHS1.29 
STAGES. 27.1  2  ASSEH2.25  BASHB1.26 
SEHI1.9.2  3  Z0NE4.22  AREA4.8  STAGE4.27 
Z0NE4.22.1  2  BLQCK3.4  NIL2.24 
AREA4.8.1  2  SIML2.28  SIHS2.29 
STAGE4.27.1  3  PLATE2.15  ASSEH3.25  BASMB2.26 
BL3CK1.13.2  3  Z0NE5.22  AREA5.8  STAGE5.27 
Z0NE5.22.1 . 2  BL0CK4.4  NIL3.24 

*  AREA5.8.1  5  FLAT1.32  SFLAT1.33  CURVE1.34 
SCURV1.35  SUPER1.36 

ST AGES. 27.1  4  PLATE3.15  FRAHE1.38  ASSEH4.25  BASHB3.26 
BLOCKS. 14. 2  3  Z0NE6.22  AREA6.8  STAGE6.27 
Z0NE6.22.1  3  BL0CK5.4  SHIP1.30  NIL4.24 
AREA6.8.1  3  FLAT2.40  CURVE2.41  SUPER3.36 
STAGE6.27.1  3  J0IN1.43  PERE1.44  BPERE1.45 
HULL1.18.2  3  ZONE?. 31  AREA7.8  STAGE7.27 

*  ARE A7. 8.1  5  F0RE1.47  CARG01.39  ENGIN1.49 
AFT1.50  SUPSTR.36 

STAGE7.27.1  2  EREC1.52  TEST1.53 
JjTEXT 

1  HULL  BLOCK  CONSTRUCTION 

2  PART 

3  SUB-BLOCK 

4  BLOCK 


4  76 

77 

78 

79 
30 
81 
82 
es 

84 

85 

86 

87 

88 
39 
90 
?1 

92 

93 

94 

95 

96 

07 

98 

99 
100 
101 
102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 

113 

114 

115 

116 

117 

118 

119 

120 
121 
122 

123 

124 

ill 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 


5  PART  FABRICATION  LEVEL 

6  PART  ASSEMBLY  LEVEL 

7  SUB-BLOCK  ASSEMBLY  LEVEL 

8  AREA 

9  SEMI-BLOCK  ASSEHBLY  LEVEL 

10  PARALLEL  PART  FROM  PLATE 

11  NON-PARALLEL  PART  FROM  PLATE 

12  INTERNAL  PART  FROM  PLATE 

13  BLOCK  ASSEHBLY  LEVEL 

14  GRAND-BLOCK  JOINING  LEVEL 

15  PLATE  JOINING 

16  HARKING  I  CUTTING 

17  BENDING 

18  HULL  ERECTION  LEVEL 

19  BUILT  UP  PART 

20  SUB-BLOCK  PART 

21  ZONE  =  PART 

22  ZONE 

23  OTHER 

24  NIL 

25  ASSEHBLY 

26  BACK  -  ASSEHBLY 

27  STAGE 

28  SIMILAR  UORK  LARGE  QUANTITY 

29  SIMILAR  HORK  SHALL  QUANTITLY 

30  SHIP 

31  ZONE  =  SHIP 

32  RAT 

33  SPECIAL  FLAT 

34  CURVED 

35  SPECIAL  CURVED 

36  SUPERSTRUCTURE 

37  BLOCK 

38  FRAMING 

39  CARGO  HOLD 

40  FLAT  PANEL 

41  CURVED  PANEL 

42 

43  JOINING 

44  PRE-ERECTION 

45  BACK  PRE-ERECTION 

46  PART  FROM  ROLLED  SHAPE 

47  FORE-HULL 

48 

49  ENGINE  KOOH 

50  AFT  HULL 

51 

52  ERECTION 

53  TEST 

Iff? 

PARTI  1 
AREA1  0 
Z0NE1  0 
PARLEL  0 
NONPAR  1 
INTERN  2 
ROLLED  3 
OTHER  4 
PJOIN  0 
MARK  1 
BEND  2 
PART2  2  . 

AREA2  0 
PART3  0 
SUB2  1 
SUBP1  0 
BUPART  1 
ASSEM1  0 
BEND1  1 
SUB1  3 
AREA3  0 
SBLK1  0 
NIL1  1 
SIHL1  0 
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151 

SIMS1  1 

152 

ASSEM2  0 

153 

BASMB1  1 

154 

SFHI1  4 

155 

AREA4  0 

156 

BL0CK3  0 

157 

NIL2  1 

158 

SIML2  0 

159 

SIMS2  1 

4  /A 

iov 

ftl  ATM  A 

r  Lri i v 

161 

ASSEM3  1 

162 

BASMB2  2 

162 

BL0CK1  5 

164 

AREAS  0 

165 

BLCCK4  0 

166 

NILS  1 

167 

FLAT1  0 

168 

SFLAT1  1 

169 

CURVE!  2 

170 

SCURV1  3 

171 

SUPER1  4 

172 

PLATE3  0 

173 

FRAME1  1 

174 

ASSFM4  2 

175 

BASMB3  3 

176 

BLOCKS  6 

177 

AREA6  0 

178 

BLOCKS  0 

179 

SHIP1  1 

*  nA 

lou 

1IT1  M  O 

*L 

181 

FLAT2  0 

182 

CURVE2  1 

4  nn 

911999*5  n 

our  nrvo  c 

184 

J0IN1  0 

185 

PERE1  1 

186 

BPERE1  2 

187 

HULL1  7 

188 

AREA7  O 

189 

ZONE?  0 

190 

FORE!  0 

191 

CARGO!  1 

192 

ENGIN1  2 

1^3 

AFT1  3 

1Q4 

S11P5TR  4 

195 

EREC1  0 

196 

TEST1  1 

4 

a7  f 

.  .run 

«  %  Ulfy 

193 

•■SUBTREE 

199 

TREE 

200 

a  Z0NE.1.: 

201 

QNBL0C.5 

202 

C0HPPL.2. 

**33 

204 

205 

206 
207 
20B 
20? 
210 

211 

919 

213 

214 

215 

216 
919 

i.A/ 

218 

919 

220 

221 

222 

223 

224 
995 


6  C0HPP1.2  UHITAL.3  GRUNJL.4 
HB0RD.4  OPTLVLJ 
3  Z0C0HP-3  AREA1.9  STAGE1.10 


HXUU.Y.i 

STAGE!. 10.  i 
UNITAL.3.2 
Z0NE1.17.1 
AREA2.9.1 


nrurr  19 
ujurot  l*. 


DMDrUP  19 

I  UIVUMU  a  aw 


3  DMPREP.14  HANUFG.15  PALLET. 16 
3  ZONE!. 17  AREA2.9  STAGE2.10 
2  COMPOS. 18  UHIT1.19 
...  2  LARSU1.20  SMLSIU.21 

STAGE2.10.1  2  ASSY .22  UELDG1.23  _ 

GRUNJL.4,2  3  ZGNE2.i/  AREAS. v  siHUt^.xu 
2  UHIT2.19  NIL1.24 
2  LARSU2.20  KIL2.24 
7  JQING.25  UELDG2.23 
4  Z0NE3.17  SPCLT1.27  AREA4.9 


ZONES. 17.1 
AREA3.9.1 
STAGE3.10.1 

*  0NBL0C.5.2 
STAGE4.10 

Z0NE3.17.1  2  BLOCK. 26  NIL3.24 

*  SPCLT1.27.1  5  DECK1.28  ACC0H1.29  MACHY1.30 
Cl  cm  .51  UFAPN1.32 

AREA^O  2  C0LG0T.33  C0SH0T.34 

*  STAGE4.10.1  4  0NCFTG.35  0NCWEL.36  0HFFTG.37 
ONFUEL  38 

*  GNBORD.6.2  4  Z0NE4.17  SPCLT2.27  AREA5.9 
STAGE5.10 


u  inuri  4  -»  . 

*  iUnL‘i.l/.JL 


mourn  *i  uniknnv  a*)  rwnDK  49 

runnuLtii  1-nwmii  •  « 


AFTHUL.44  SUPERS. 45  NIL4.24 
"  SPCLT2.27.1  5  DECK2.28  ACCQH2.29  HACHY2.30 


226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

240 

£92. 

242 

243 

244 

245 

246 

247 

248 

249 

250 

251 

252 

253 

254 

255 

256 

257 

75R 

259 

260 
261 
262 

263 

264 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

t?p 

V 

779 

230 

281 

282 

283 

AfN  i 

2B5 

286 

vQ7 

288 

2°.? 

290 

2°1 

2°2 

293 

294 

295 

296 

297 
99P, 

299 

300 


ELECT2.31  UEAPN2.32 

AREAS. 9.1  3  SMV0L.46  SIMWLV.47  SIHWHS.48 

*  STAGES. 10.1  4  0SPFTG.49  0SPWEL.50  CLSPFG.51 
CLSPWE.52 

...  .  •  n  nm  <rin  99  IK 

UHLVL./.Z  3  iunta.i/  arLiftK.37  aiuns.iv 

a  SPLTAR.39.1  5  0ECK3.28  ACC0M3.29  MACHY3.39 

ELECT3.31  UEAPN3.32 

jfTEXT 

{  ZONE  OUTFITTING 
7  COMPONENT  PROCUREMENT  LEVEL 

3  UNIT  ASSEMBLY  LEVEL 

4  GRAND  UNIT  JOINING  LEVEL 

5  0N-BL0CK  OUTFITTING  LEVEL 

6  ON  BOARD  OUTFITTING  LEVEL 

7  OPERATION  AND  TEST  LEVEL 

o  7nuc  -  rnHPnwnjr 

U  LUtlU  ~  UUiu  uiu.ii  i 

9  AREA 

10  STAGE 


11  IN  HOUSE  MANUFACTURING 

12  OUTSIDE  MANUFACTURING 

13  PURCHASING 

14  DESIGN  AND  MATERIAL  PREPARATION 

15  MANUFACTURING 

16  PALLETIZING 

17  ZONE  =  SHIP 

18  COMPONENT 

19  UNIT 

20  LARGE  SIZE  UNIT 

21  SHALL  SIZE  UNIT 

22  ASSEMBLY 

23  WELDING 

24  NIL 

75  .IOTNTNQ 

26  BLOCK 

27  SPECIALTY 

28  DECK 

29  ACCQMBATION 

30  MACHINERY 

n  rrmroAi 
Oi  CLLu  I  TviuMu 

32  WEAPON 

33  COMPONENTS  IN  A  LARGE  QUANTITY 

34  COMPONENTS  IN  A  SMALL  QUANTITY 

35  ON  CEILING  FITTING 

36  OH  CEILING  WELDING 

37  ON  eLOOR  FrTING 
33  ON  FLOOR  WELDING 

39  SPECIALTY  /  AREA 

40  STAGE  =  OPERATION  AND  TEST 

41  FORE-HULL 

42  MID-BODY 

43  ENGINE  ROOM 

44  AFT  HULL 

*<■  C  1PFRP.TPI  IPT!  H5F 

46  SIMILAR  WORK  IN  SMALL  VOLUME 

47  SIMILAR  WORK  IN  LARGE  VOLUME 

48  SIMILAR  WORK  BY  HIGH  SKILL 

49  OPEN  SPACE  FITTING 

50  OPEN  SPACE  WELDING 

era  m  nrrn  rriArp  rTTTTUn 
Di  Ui-UDLU  or  nut.  rnunu 

52  CLOSED  SPACE  WELDING 
:: CODES 

*,  it  t»-  j 

iUSt  i 

CQHPPL  1 
Z0C0KP  0 
AREA1  O 
IHHFG  0 
0SHFG  1 
PURCHG  2 
DMPREP  0 
HANUFG  1 
UNITAL  2 
PALLET  2 
COUPON  O 
UN1T1  1 
AREA2  0 
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301 

IARSU1  0 

376 

0BCH1.16  0BER1.17  0BAH1.18  0BSS1.19  NIL1.5 

302 

SHLSIU  1 

377 

*  ARPTHT.20. 1  8  C0NVN1.48  EP0XN1.49  INZSN1.50  0THEN1 

303 

ASSY  0 

378 

C0NVS1.52  EP0XS1.53  INZSS1.54  0THES1.55 

304 

UELDG1  1 

379 

*  AREHC1.25.1  8  0CNA1.26  0CPD1.27  0CPP1.28  0CHA1.29 

305 

GRUNJL  3 

380 

TCNA1.30  TCPD1.31  TCPP1.32  TCHA1.47 

306 

UNIT2  0 

381 

*  STAGE2.9.1  8  SURFP1.33  CLEAN2.34  T0UCHP.44  PAINT2. 

307 

KIL1  1 

382 

SPRAT1.35  CLNAT1.36  TCHAT.45  PNTAT1.31 

306 

AREA3  0 

383 

*  FINPL.46. 2  4  ZQNE3.3  APHAT1.20  ARENC2.25 

309 

LARSU2  0 

384 

STAGE3.9 

310 

NIL2  1 

385 

*  Z0NE3.3.1  8  C0HPN2. 13  TBF0B1.39  CF0B01.40  0BFH2.15 

311 

JOIHG  0 

386 

0BCH2.16  0BER2.17  0BAH2.18  QBSS2.19 

312 

UELDG2  1 

387 

*  APHAT1.20.1  8  CGNVN2.48  EP0XN2.49  INZSN2.50  0THEN2 

313 

OHBLOC  4 

388 

C0HV32.52  EP0XS2.53  INZSS2.54  0THES2.55 

314 

BLOCK  0 

339 

*  ARF.NC2.25.1  8  0CNA2.26  0CPD2.27  0CFP2.28  0CHA2.29 

315 

MILS  1 

390 

TCNA2.30  TCPD2.31  TCPP2.32  TCHA2.47 

316 

DECK1  0 

391 

*  STAGES. 9.1  4  SURFP2.33  CLEAH4.34  T0UCH1.44 

317 

ACC0M1  1 

392 

PAINT3.il 

318 

MACHY1  2 

393 

; ;  TEXT 

319 

ELECT 1  3 

394 

1  ZONE  PAINTING 

320 

UEAFN1  4 

395 

2  SHOP  PRIHER  LEVEL 

321 

COLGOT  0 

396 

3  ZONK 

322 

COSHOT  1 

3°7 

4  HATERIAL 

323 

ONCFTG  0 

398 

5  NIL 

324 

QNCUEL  1 

399 

6  AREA 

325 

ONFFTG  2 

400 

7  PLATE 

326 

ONFWEL  3 

401 

8  SHAPES  X  OTHER 

327 

OHBORD  5 

402 

9  STAGE 

328 

FORHUL  0 

403 

10  BLASTING 

329 

MDBODY  1 

404 

11  PAINTING 

330 

ENGRH  2 

405 

12  PRIHER  LEVEL 

331 

AFTHUL  3 

406 

13  COHPONENT 

332 

SUPERS  4 

407 

14  BLOCK 

OOO 

uJvJ 

NIL4  5 

408 

15  ON  BOARD  /  FORE  HULL 

16  ON  BOARD  /  CARGO  HOLD 

334 

DECK2  0 

409 

335 

ACC0H2  1 

410 

17  ON  BOARD  /  ENGINE  ROOM 

336 

HACHY2  2 

411 

18  ON  BOARD  /  AFT  HULL 

337 

ELECT2  3 

412 

19  ON  BOARD  /  SUPERSTRUCTURE 

338 

WEAPN2  4 

413 

20  AREA  /  PAINT  HATERIAL 

339 

SMVOL  0 

414 

21  CONVENTIONAL 

340 

SIHULV  1 

415 

22  EPOXY 

341 

SIMUHS  2 

416 

23  INORGANIC  ZINC  SILICATE 

342 

OSPFTG  0 

417 

24  OTHER 

343 

OSPHEL  1 

418 

25  AREA  /  NO. OF  COATS 

344 

CLSPFG  2 

419 

26  ONE  COAT  /  NOHINAL  AREA 

345 

CLSPKE  3 

420 

27  ONE  COAT  /  POSITIONAL  DIFFICULTIES 

346 

OPTLVL  6 

421 

28  ONE  COAT  /  POST  PAINT  BURN  OR  HELD  DAHAGE 

347 

Z0NE5  0 

422 

29  ONE  COAT  /  NEED  TO  HAINTAIN  APPEARANCE 

348 

DECK3  0 

423 

30  MULTIPLE  COATS  /  NOMINAL  AREA 

349 

ACC0H3  1 

424 

31  HULTIPLE  COATS  /  POSITIONAL  DIFFICULTIES 

350 

HACHY3  2 

425 

32  MULTIPLE  COATS  /  POST  PAINT  BURN  OR  HELD  DAHAGE 

351 

ELECT3  3 

426 

33  SURFACE  PREP 

352 

UEAPN3  4 

427 

34  CLEANING 

353 

STOPTS  0  0 

428 

35  SURFACE  PREP  AFTER  TURNING 

354 

;;END 

429 

36  CLEANING  AFTER  TURNING 

355 

SUBTREE  TO 

430 

37  PAINTING  AFTER  TURNING 

356 

)  TREE 

431 

38  FINISH  UNDERCOAT  PAINT  LEVEL 

357 

*  PAINT. 1.1  4  SHPRIH.2  PRIHER.12  FUNDPL.38 

432 

39  UNIT  TO  BE  FITTED  AT  ON  BOARD  OUTFITTING 

358 

FINPL.46 

433 

40  COHPONENT  FITTED  ON-BLOCK  AT  ON-BLOCK  OUTFITTING 

359 

SHPRIH.2.2  3  Z0NE.3  ARE A. 6  ST AGE. 9 

434 

41  AREA  /  SCAFFOLD 

360 

ZONE.3.1  2  HAT. 4  NIL.5 

435 

42 

361 

AREA.6.1  2  PLATE. 7  SHP0TH.8 

436 

43 

362 

STAGE. 9.1  2  BLAST. 10  PAINTG.ll 

437 

44  TOUCH  UP 

363 

*  PRIHER.12.2  4  Z0NE1.3  AREAPH.20  AREANC.25 

438 

45  TOUCH  UP  AFTER  TURNING 

364 

STAGE!. 9 

439 

46  FINISH  PAINT  LEVEL 

365 

366-' 

367 

*  Z0NE1.3.1  ?  C0MP0N.13  BL0CK.14  0NBDFH.15 

0NBDCH.16  0NBDER.17  0NBDAH.18  QNBDSS.19 

*  AREAPH.20. 1  4  C0NVEN.21  EPOXY. 22  IHZSIL.23 

440 

441 

442 

443 

47  HULTUIPLE  COATS  /  NEED  TO  HAINTAIN  APPEARANCE 

48  NO  SCAFFOLD  REQD  /  CONVENTIONAL  PAINT 

49  NO  SCAFFOLD  REQD  /  EPOXY 

50  NO  SCAFFOLD  REQD  /  INORGANIC  ZINC  SILICATE 

368 

369 

370 

371 

372 

OTHER • 24 

*  AREANC.25. 1  8  0CNA.26  0CPD.27  0CPP.2B  0CHA.29 
TCNA.30  TCPD.31  TCPP.32  TCHA.47 

*  STAGE1.9.1  6  SURFP.33  CLEAN. 34  PAINT1.11 

SPRAT. 35  CLNAT.36  PNTAT.37 

444 

445 

446 

447 

51  NO  SCAFFOLD  REQD  /  OTHER 

52  SCAFFOLD  REQD  /  CONVENTIONAL  PAINT 

53  SCAFFOLD  REQD  /  EPOXY 

54  SCAFFOLD  REQD  /  INORGANIC  ZINC  SILICATE 

373 

*  FUNDPL.38. 2  4  Z0HE2.3  ARPTHT.20  ARENC1.25 

448 

55  SCAFFOLD  REQD  /  OTHER 

374 

STAGE2  ° 

*  Z0NE2.3.1  9  CCHPN1.13  TBF0B0.39  CFOB0.40  0BFH1.15 

449 

:: CODES 

PAINT  3 

375 

450 
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451 

SHPRIH  1 

452 

HAT  0 

453 

NIL  1 

454 

AREA  0, 

455 

PLATE  0 

456 

SHPOTH  1 

457 

BLAST  0 

458 

PAINTG  1 

459 

PRIMER  2 

'460 

COUPON  0 

461 

BLOCK  1 

462 

ONBDFH  2 

463 

ONBDCH  3 

464 

ONBDER  4 

465 

OHBDAH  5 

466 

ONBDSS  6 

467 

CON VEN  0 

468 

EPOXY  1 

469 

INZSIL  2 

470 

OTHER  3 

471 

OCHA  0 

472 

OCRS  1 

473 

OCPP  2 

474 

OCHA  3 

475 

TCNA  4 

476 

TCPD  5 

477 

TCPP  6 

478 

TCHA  7 

479 

SURFP  0 

480 

CLEAN  1 

481 

PAINT1  2 

482 

SPRAT  3 

483 

CLNAT  4 

484 

PNTAT  5 

485 

FUNDPL  3 

486 

C0HPN1  0 

487 

TBFOBO  1 

488 

CFOBO  2 

439 

0BFH1  3 

490 

0BCH1  4 

491 

0BER1  5 

492 

0BAH1  6 

493 

0BSS1  7 

494 

HIL1  8 

495 

0CNA1  0 

496 

0CPD1  1 

497 

0CPP1  2 

498 

0CHA1  3 

499 

TCNA1  4 

500 

TCPD1  5 

501 

TCPP1  6 

502 

TCHA1  7 

503 

C0NVN1  0 

504 

EP0XN1  1 

505 

INZSN1  2 

506 

DTHEN1  3 

507 

C0NVS1  4 

508 

EP0XS1  5 

509 

INZSS1  6 

510 

0THES1  7 

511 

SURFP1  0 

512 

CLEAN2  1 

513 

TOUCHP  2 

514 

PAINT2  3 

515 

SPRAT1  4 

516 

CLNAT 1  5 

517 

TCHAT  6 

518 

PNTAT1  7 

519 

FINPL  4 

520 

C0HPN2  0 

521 

TBF0B1  1 

522 

CF0B01  2 

523 

0BFH2  3  * 

524 

0BCH2  4 

525 

0BER2  5 

526 

0BAH2  6 

527 

0BSS2  7 

528 

529 

0CNA2  0 
0CPD2  1 

mi 

532 

TCNA2  4 

533 

TCPD2  5 

534 

TCPP2  6 

535 

TCHA2  7 

536 

CQNVN2  0 

537 

EP0XN2  1 

538 

INZSN2  2 

539 

0THEN2  3 

540 

C0NVS2  4 

541 

EP0XS2  5 

542 

0THES2  7 

543 

SURFP2  0 

544 

CLEAN4  1 

545 

T0UCH1  2 

546 

PAINT3  3 

547 

;?END 

C-7 


C-8 


LISTING  OF  INTERIM 
PRODUCTS 


Below  are  listed  1074  of  the  more  than  4200  interim 
products  developed  as  part  of  the  example  discussed  in 
section  3.6. 
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001 

31  SHELL  A IB  PLT  CUT 

TA 

H  1  0  0  0  1 

002 

31  SHEU  AIB  PLT  RQU 

TA 

H  1  0  0  0  2 

003 

31  SHEU  AIB  PLT  ASSY 

TA 

H  5  0  0  3  0 

004 

31  SHEU  LOKG’L  CUT 

TA 

H  1  0  0  3  1 

°0631  SHEU  AIB  LOHG’L  ASSY 

TA 

H  5  0  0  3  1 

007 

31  CVK  VERT  PLT  CUT 

TA 

H  1  0  0  2  1 

003 

31  CVK  FACE  PLT  CUT 

TA 

H  1  0  0  0  1 

00? 

TA 

H  1  0  0  2  1 

31  C VK  BRKT  VERT  PLT  CUT 

. 

010 

31  CVKX  BRKT  FACE  PLT  CUT 

TA 

H  1  0  0  0  1 

on 

31  CVK  FACE  PLT  ASSY 

TA 

H  2  0  0  1  0 

012 

31  CVK  BRKT  FACE  PLT  ASSY 

TA 

H  2  0  0  1  0 

013 

31  CVK  ASSY 

TA 

H  3  0  0  0  0 

014 

31  SHEU  GIRDER  VERT  PLT  CUT 

TA 

H  1  0  0  2  1 

M5 

"  21  SHELL  GIRDER  FACE  FLT  CUT 

TA 

H  1  0  0  0  1 

°lfi31  SHEU  GIRDER  FACE  PLT  CUT 

TA 

H  2  0  0  1  0 

017 

TA 

H  1  0  0  2  1 

31  SHELjL  GIRDER  BKT  VERT  PLT  CUT 

013 

TA 

H  1  0  0  0  1 

31  SHELL  GIRDER  BRKT  FACE  PLT  CUT 

019 

TA 

H  2  0  0  1  0 

31  SHEU  GIRDER  BRKT  FACE  PLT  ASSY 

OnO 

*  31  SHEU  GIRDER  ASSY 

TA 

H  2  0  0  1  0 

005 

31  SHEU  LONG’L  BEHD 

TA 

H  1  0  0  3  2 

021 

31  CVK  SHEU  ASSY 

TA 

H  5  0  0  3  1 

On2 

JA 

H  5  0  0  3  1 

31  SHEU  GIRDER  SHELL  ASSY 

024 

31  DOCK  BRKT  PLATE  CUT 

TA 

H  1  0  0  2  1 

025 

31  AIB  SHEU  UEBFACE  PLT  CUT 

TA 

H  1  0  0  3  1 

026 

31  DOCK  BRKT  FACE  PLT  CUT 

TA 

H  1  0  0  3  1 

027 

31  AIB  SHEU  UEB  SELF  ASSY 

TA 

H  2  0  0  1  0* 

02S 

21  DOCK  BRKT  SELF  ASSY 

TA 

H  2  0  0  1  0 

02? 

31  AIB  SHEU  UEB  SHEU  ASSY 

TA 

H  5  0  0  3  1 

030 

31  DOCK  BRKT  SHEU  ASSY 

TA 

H  5  0  0  3  1 

031 

31  AIB  SHELL  UEB  BRKT  CUT 

TA 

H  1  0  0  2  1 

032 

31  AIB  SHEU  UEB  COLLAR  CUT 

TA 

H  1  0  0  2  1 

033 

31  AIB  SHEU  TANK  PLATE  CUT 

TA 

H  1  0  0  1  1 

034 

31  SEA  CHEST  PLATE  CUT 

TA 

H  1  0  0  2  1 

035 

31  AIB  SHEU  TANK  STIFFENER  CUT 

TA 

H  1  0  0  3  1 

036 

TA 

H  3  0  0  0  1 

31  AIB  SHEU  TANK  STIFFENER  ASSY 

H  3  0  0  1  0 

037 

31  AIB  SHEU  TANK  ASSY 

TA 

033 

31-SEA  CHEST  STIFFENER  CUT 

TA 

H  1  0  0  3  1 

03? 

31  SEA  CHEST  STIFFENER  ASSY 

TA 

H  3  0  0  0  0 

040 

31  SEA  CHEST  ASSY 

TA 

H  3  0  0  1  0 

041 

31  AIB  SHEU  TANK  SHEU  ASSY 

TA 

H  5  0  0  3  1 

042 

31  SEA  CHEST  SHELL  ASSY 

TA 

H  5  0  0  3  1 

043 

31SEA  CHEST  BAFFLE  CUT 

TA 

H  1  0  0  3  1 

044 

31  SEA  CHEST  BAFFLE  BEND 

TA 

H  1  0  0  3  2 

045 

31  SEA  CHEST  BAFFLE  ASSY 

TA 

H  3  0  0  1  0 

046 

31  SEA  CHEST  BAFFLE  INST 

TA 

Z  4  0  2  1  0 

047 

31  BHD  212  PLATE  CUT 

TA 

H  1  0  0  1  1 

048 

31  BHD  212  FLATE  ASSY 

TA 

H  2  0  1  0  0 

04? 

31  BHD  250  PLATE  CUT 

TA 

H  1  0  0  1  1 

050 

31  BHD  250  FLATEU  ASSY 

TA 

H  2  0  1  0  0 

051 

31  BHD  212  STIFFENER  CUT 

TA 

H  1  0  0  3  1 

052 

31  BHHD  250  STIFFENER  CUT 

TA 

H  1  0  0  3  1 

053 

31  BHD  212  BRKT  CUT 

TA 

H  i  0  0  2  1 

034 

31  BHD  250  BRKT  CUT 

TA 

H  1  0  0  2  1 

055 

31  BHD  212  ERKT  ASSY 

TA 

H  2  0  1  0  0 

056 

21  BHD  250  BRKT  ASSY 

TA 

H  2  0  1  0  0 

057 

21  BHD  212  STIFFENER  ASY 

TA 

H  4  0  0  0  2 

053 

-  31  BHD  250  STIFFEN  R  ASSY 

TA 

H  4  0  0  0  2 

059 

31  BHD  21  HEADER  CUT 

TA 

H  1  0  0  3  1 

060 

31  BHD  250  HEADER  CUT 

TA 

H  1  0  0  3  1 

061 

31  BHD  212  HEADER  ASST 

TA 

H  4  0  0  0  2 

05231  BHD  2150  HEADER  ASST 

TA 

H  4  0  0  0  2 

063 

31  BHD  250  FDN  SELF  CUT 

TA 

H  1  0  0  3  1 

064 

31  BHD  230  FDN  SELF  CUT 

TA 

H  3  0  0  0  0 

065 

31  BHD  250  FDN  BHD  ASSY 

TA 

H  4  0  0  0  2 

066 

31  BHD  212  TRUNK  PLATE  CUT 

TA 

H  1  0  0  2  0 

067 

31  EHD  212  TRUNK  STIFFENERS  CUT 

TA 

H  1  0  0  3  1 

068 

31  BHD  212  TRUNK  FDNX  SELF  CUT 

TA 

H  1  0  0  3  1 

06? 

31  BHD  212  TRUNK  FDN  HEADER  CUT 

TA 

H  1  0  0  3  1 

070 

31  BHD  212  TRUNK  FDN  SELF  ASSY 

TA 

H  3  0  0  0  0 

071 

TA 

H  4  0  0  1  2 

31  BHD  212  TRUNK  FDN  HEADER  ASSY 

072 

TA 

H  4  0  0  0  1 

31  BHD  212  TRUNK  FDN  TRUNKX  ASSY 

073 

31  BHD  212  TRUNK  SELF  ASSY 

TA 

H  3  0  0  0  0 

074 

31  BHD  212  TRUNK  BHD  ASSY 

TA 

H  4  0  0  1  1 

075 

21  BHD  212  SHELL  ASSY 

TA 

H  5  0  0  3  2 

076 

31  BHD  250  SHEU  ASSY 

TA 

H  5  0  C  3  2 

077 

31  BHD  212  SHEU  COLLAR  CUT 

TA 

H  1  0  0  2  1 

079 

31  BHD  212  SHELL  COLLAR  ASSY 

TA 

H  5  0  0  3  2 

079 

21E  BHD  250  SHEU  COLLAR  ASSY 

TA 

H  1  0  0  2  1 

030 

311  BHD  250  SHEU  CQUAR  ASSY 

TA 

H  5  0  0  3  2 

081 

31  SHEU  CID  PLT  CUT 

TA 

H  1  0  0  0  1 

082 

31  SHELL  CID  PLATE  ROLL 

TA 

H  1  0  0  C  2 

083 

31  SHELL  CID  PLATE  ASSY 

TA 

H  4  0  0  1  0 

084 

31  SHEU  C  D  LONC'L  ASSY 

TA 

H  4  0  0  0  1 

OSS 

31  AIB  SHELL  UEB  FACE  PLT  ROLL 

TA 

H  i  0  0  3  2 

096 

31  DOCK  BRKT  FACE  PLT  ROLL 

TA 

H  1  0  0  3  2 

087 

31  CID  SHEU  UEB  PLATE  CUT 

TA 

H  1  0  0  2  1 

069 

31  CID  SHEU  UEB  SELF  ASSY 

TA 

H  3  0  0  0  0 

090 

31  CID  SHEU  UEB  SHELL  ASSY 

TA 

H  4  0  0  0  1 

091 

31  CID  SHELL  UEB  COLLAR  CUT 

TA 

H  1  0  0  2  1 

092 

31  CIDSHEU  UEB  CCUAR  ASSY 

TA 

H  4  0  0  0  1 

092 

31  CID  SHEU  UEB  BRKT  CUT 

TA 

H  1  0  0  2  1 

094 

21  AIB  SHEU  UEB  COLLAR  ASY 

TA 

H  5  0  0  3  1 

096 

31  CID  SHEU  TANK  PLATE  CUT 

TA 

H  1  0  0  1  1 

097 

31  CID  SHEU  TANK  STIFFENER  CUT 

TA 

H  1  0  0  3  1 

093 

TA 

H  3  0  0  0  1 

3!  CID  SKai  TANK  STIFFEIER  ASST 

099 

31  CID  SHELL  TANK  ASSY 

TA 

H  3  0  0  1  0 
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100 

TA 

H  4  0  0  1  1 

151 

TA 

H  1  0  0  3  2 

31  CSD  SHEa  TANK  SHELL  ASSY 

31  SEA  CHEST  BAFFLE  BEND 

101 

TA 

H  1  0  0  2  1 

152 

TA 

H  3  0  0  1  0 

31  CSD  SHaL  TANK  COLLAR  ASSY 

31  SEA  CHEST  BAFFLE  ASSY 

102 

TA 

H  5  0  0  3  2 

153 

TA 

Z  4  0  2  1  0 

31  SHELL  CSD  STRAKE  ASSY 

31  SEA  CHEST  BAFFLE  IHST 

103 

TA 

H  1  0  0  0  1 

154 

TA 

H  1  0  0  2  1 

31  250  TAHK  A/2  PLT  CUT 

21  SEA  CHEST  PLATE  CUT 

104 

TA 

H  1  0  0  1  1 

155 

TA 

H  1  0  0  3  1 

31  250  TAHK  A/i  FLT  CUT 

31  SEA  CHEST  STIFFENER  CUT 

105 

TA 

H  1  0  0  0  1 

156 

TA 

H  3  0  0  0  0 

31  250  TAHK  CL  BHD  CUT 

31  SEA  CHEST  STIFFENER  ASSY 

106 

TA 

H  1  0  0  2  1 

157 

TA 

H  3  0  0  1  0 

31  250  TAHK  XVERSECUT 

31  SEA  CHEST  ASSY 

107 

TA 

H  1  0  0  2  1 

153 

TA 

H  5  0  0  3  1 

31  250  TANK  GIRDER  CUT 

31  EEA  CCHE5T  SHELL  ASSY 

103 

TA 

H  1  0  0  3  1 

159 

TA 

H  1  0  0  3  1 

31  250  TANK  STIFFENS  CUT 

31  SEA  CHEST  BAFFLE  CUT 

10? 

TA 

H  1  0  0  3  1 

liO 

TA 

H  1  0  0  3  2 

31  250  TAN!!  COM?.  SLV.  CUT 

31  SEA  CHEST  BAFFLE  BEND 

no 

TA 

H  1  0  0  3  2 

161 

TA 

H  3  0  0  1  0 

31  250  TAHK  C0HP.5LV  BEND 

31  SEA  CHEST  BAFFLE  ASSY 

111 

TA 

H  4  0  0  0  0 

162 

TA 

Z  4  0  2  1  0 

31  250  TAHK  A/1  7  A/2  PLT  ASSY 

31SEA  CHEST  BAFFLE  IHST 

112 

TA 

H  4  0  0  0  1 

162 

TA 

H  1  0  0  2  1 

31  250  TANK  TAHK  FRAMING 

31  SEA  CHEST  PLATE  CUT 

114 

TA 

H  1  0  0  3  1 

164 

TA 

H  1  0  0  3  1 

31  250  TAHK  STANCHION  CUT 

31  SLA  CHEST  STIFFENER  CUT 

117 

TA 

H  2  0  1  0  0 

155 

TA 

H  3  0  0  0  0 

31  250  TAHK  STAHCHICN  ASSY 

31  SEA  CHEST  STIFFENER  ASSY 

ns 

TA 

H  5  0  0  3  2 

166 

TA 

H  3  0  0  1  0 

21  250  TAHK  STANCHION  ASSY 

31  SEA  CHEST  ASSY 

119 

TA 

H  5  0  0  3  2 

167 

TA 

H  5  0  0  3  1 

31  250  TANK  INSTALLATION 

31  SEA  CHEST  SHELL  ASSY 

1^0 

TA 

H  1  0  0  2  1 

168 

TA 

H  1  0  0  3  1 

“'21  250  taw:  header  cut 

31SEA  CHEST  BAFFLE  CUT 

121 

TA 

H  1  0  0  2  1 

169 

TA 

H  1  0  0  3  2 

‘“*31  250  TAHK  GUSSETS  CUT 

31  SEA  CHEST  BAFFLE  BEND 

TA 

H  1  0  0  2  1 

170 

TA 

H  3  0  0  1  0 

*~31  250  TANK  BRKTS  CUT 

31  EEA  CHEST  BAFFLE  ASSY 

123 

TA 

H  1  0  0  2  1 

171 

TA 

Z  4  0  2  1  0 

31  250  taw:  COLLAR  CUT 

31  EEA  CHEST  BAFFLE  INST 

124 

TA 

H  4  0  0  0  2 

172 

TA 

H  1  0  0  2  1 

21  250  TAHK  HEADER  ASSY 

31  CtD  SHEa  VEB  PLATE  CUT 

125 

TA 

H  4  0  0  0  2 

173 

TA 

H  1  0  0  3  1 

31  250  TAHK  GUSSET  ASSY 

31  CIO  SKai  vlEB  FACE  PLT  CUT 

126 

TA 

H  4  0  0  0  2 

174 

TA 

H  3  0  0  0  0 

31X  250  TAHK  BRKT  ASSY 

31  CSD  SHEa  VEB  SELF  ASSY 

127 

TA 

H  5  0  0  3  2 

175 

TA 

H  4  0  0  0  1 

31  250  TANK  COLLAR  IHST. 

31  CSD  SHaL  UEB  SHaL  ASSY 

128 

TA 

H  1  0  0  1  1 

176 

TA 

H  1  0  0  2  1 

31  ER  TRUNKS  BHD  PLATE  CUT 

31CSD  SHELL  VEB  COaAR  CUT 

129 

TA 

H  1  0  0  1  2 

177 

TA 

H  4  0  0  0  1 

31  ER  TRUNKS  BHD  PLAT  BEND 

21  CSD  SHELL  VEB  CCaAR  ASSY 

130 

TA 

H  1  0  0  3  1 

173 

TA 

H  1  0  0  2  1 

31  ER  TRUNKS  STIFFENER  CUT 

31  CSD  SHaL  UEB  BRKT  CUT 

TA 

H  1  0  0  1  1 

131 

31  ER  TRUNKS  FDN  CUT 

TA 

H  1  0  0  3  1 

179 

31  CSD  SHaL  TANK  PLATE  CUT 

132 

““31  ER  TRUNKS  FDN  ASSY 

TA 

H  3  0  0  0  0 

180 

31  CSD  SHaL  TANK  STIFFENER  CUT 

181 

TA 

TA 

H  1  0  0  3  1 

H  3  0  0  0  1 

lj331  ER  TRUNKS  FDN  BRKT  CUT 

TA 

H  1  0  0  2  1 

31  CSD  SHELL  TANK  STIFFENER  ASSY 

182  TA 

H  3  0  0  1  0 

31  ER  TRUNKS  BRKT  CUT 

TA 

H  1  0  0  2  1 

31  CSD  SHEa  TANK  ASSY 

135 

TA 

H  4  0  0  1  0 

183 

TA 

H  4  0  0  1  1 

31  ER  TRUNKS  PLATE  JOINING 

31  CSD  SHaL  TANK  SHEa  ASSY 

136 

31  ER  TRUNKS  STIFFENER  IHST 

TA 

H  4  0  0  1  2 

184 

31  CSD  SHaL  TANK  COLLAR  CUT 

TA 

H  1  0  0  2  1 

137 

TA 

H  4  0  0  1  2 

185 

TA 

H  5  0  0  3  2 

31  ER  TRUNKS  BRICT  INST 

31  SHELL  CSD  STRAKE  ASSY 

TA 

138 

TA 

H  4  0  0  1  1 

186 

H  1  0  0  2  1 

31  ER  TRUNKS  FDN  INST 

31  ClD  SHELL  VEB  PLATE  CUT 

139 

TA 

H  7  0  0  2  0 

197 

TA 

H  1  0  0  3  1 

31  ER  TRUNKS  INSTALL 

31  CSD  SHELL  VEB  FACE  PLT  CUT 

TA 

140 

TA 

H  1  0  0  1  1 

183 

H  3  0  0  0  0 

31  ASB  SHELL  TANK  PLATE  CUT 

31  CSD  SHaL  VEB  SELF  ASSY 

TA 

H  4  0  0  0  1 

141 

TA 

H  1  0  0  2  1 

1S9 

31  SEA  CHEST  PLATE  CUT 

31  CSD  SHEa  VEB  SHELL  ASSY 

TA 

H  1  0  0  2  1 

142 

TA 

H  1  0  0  3  1 

190 

31  a:b  shell  tank  STIFFENER  CUT 

31  CSD  SHELL  VEB  COLLAR  CUT 

143 

TA 

H  3  0  0  0  1 

191 

TA 

H  4  0  0  0  1 

31  ASB  SHELL  TANK  STIFFENING  ASSY 

31  CSD  SHELL  VEB  COLLAR  ASSY 

144 

TA 

H  3  0  0  1  0 

192 

TA 

H  1  0  0  2  1 

31  ASB  SHELL  TANK  ASSY 

31  CSD  SHELL  WEB  BRKT  CUT 

145 

TA 

H  1  0  0  3  1 

193 

TA 

H  1  0  0  1  1 

21  SEA  CHEST  STIFFENER  CUT 

31  CSD  EKELL  TANK  PLATE  CUT 

146 

TA 

H  3  0  0  0  0 

194 

TA 

H  1  0  0  3  1 

31  SEA  CHEST  STIFFENER  ASSY 

31  CSD  SHaL  TANK  STIFFEHER  CUT 

147 

TA 

H  3  0  0  1  0 

195 

TA 

H  3  0  0  0  1 

31  SEA  CHEST  ASSY 

31  CSD  SHaL  TANK  STIFFENER  ASSY 

148 

TA 

H  5  0  0  3  1 

196 

TA 

H  3  0  0  1  0 

31  A&B  SHELL  TANK  SHEa  ASSY 

31  CSD  SHaL  TANK  ASSY 

14? 

TA 

H  5  0  0  3  1 

197 

TA 

H  4  0  0  1  1 

31  SEA  CHEST  SHELL  ASSY 

31  CSD  SHELL  TANK  SHaL  ASSY 

150 

TA 

H  1  0  0  3  1 

198 

TA 

H  1  0  0  2  1 

31  SEA  CHEST  BAFFLE  CUT 

31  CSD  SHELL  TAHK  COLLAR  CUT 

C-ll 


19? 

TA 

H  5  0  0  3  2 

247 

TA 

H  1  0  0  3  l 

31  SHELL  CXD  STKAKE  ASSY 

31  DK  CRTS  SPRTS  PT  210  CUT 

200 

TA 

H  1  0  0  2  1 

248 

TA 

H  1  0  0  3  1 

31  CSJ  SHELL  UEB  ftftTE  CUT 

31  DK  GRTG  SPRTS  PT  E125  CUT 

201 

TA 

H  1  0  0  3  I 

249 

TA 

H  1  0  0  3  1 

31  CXD  SHELL  WEB  FACE  FLT  CUT 

31  DK  GRTG  SPRTS  PT  203  CUT 

202 

TA 

H  3  0  0  0  0 

250 

TA 

H  1  0  0  2  1 

31  CXD  SHELL  UEB  SELF  ASSY 

31  DK  GRTG  SPRTS  PT  204  CUT1 

203 

TA 

H  4  0  0  0  1 

251 

TA 

H  1  0  0  3  1 

31  CXD  SHELL  WEB  SHELL  ASSY 

21  DK  GRTG  PT  205  CUT 

204 

TA 

H  1  0  0  2  1 

252 

TA 

H  2  0  0  1  0 

31  CSD  SHELL  WEB  COLLAR  CUT 

31  DJI  GRTG  PT  205  ASSH 

205 

TA 

H  4  0  0  0  1 

253 

TA 

H  1  0  0  3  1 

31  CXD  SHELL  WEB  COLLAR  ASSY 

31  DK  GRTG  PT  206  CUT 

206 

TA 

H  1  0  0  2  1 

254 

TA 

H  1  0  0  3  2 

31  CXD  SHELL  WEB  ERKT  CUT 

31  DK  GRTG  PT  2106  BEND 

207 

TA 

H  1  0  0  1  1 

255 

TA 

Z  l  0  0  2  1 

31  CXD  SHELL  TAJIK  PLATE  CUT 

31  DK  GRTG  PT  1?  PROCUREMENT 

203 

TA 

H  1  0  0  3  1 

256 

TA 

Z  4  0  0  0  2 

31  CXD  SHELL  TAHK  STIFFENER  CUT 

31  DK  GRTG  INSTALL 

209  ■ 

TA 

H-3-0-0-0--1- 

257 

TA 

Z  4  0  0  0  2 

31  CSD  SHELL  TANK  STIFFENER  ASSY 

31  DK  PLATE  INSTALL 

210 

TA 

H  3  0  0  1  0 

258 

TA 

Z  1  0  0  1  1 

31  CSD  SHELL  TANK  ASSY 

31  DK  GRTG  SPRTS  PT  207  PROCUREMENT 

211 

TA 

H  4  0  0  1  1 

25? 

TA 

H  1  0  0  3  1 

31  CXD  SHELL  TANK  SHELL  ASSY 

31  DK  GRTG  SPRTS  PT  203  CUT 

212 

TA 

H  1  0  0  2  1 

260 

TA 

H  1  0  0  3  1 

31  CSD  SHELL  TANK  COLLAR  CUT 

31  HANDRAILS  PT  192  CUT 

213 

TA 

H  5  0  0  3  2 

261 

TA 

H  1  0  0  3  1 

31  SHELL  CSD  STRAKE  ASSY 

31  HANDRAILS  PT  220  CUT 

214 

TA 

H  1  0  0  3  1 

262 

TA 

H  1  0  0  3  1 

31  DK  GRTG  SPRTS  PT  1  CUT 

31  HANDRAILS  PT  191  UT 

215 

TA 

H  1  0  0  3  1 

263 

TA 

Z  1  0  0  2  1 

31  DK  GRTG  SPRTS  PT  2  CUT 

31  HANDRAILS  PT  195  PROCUREMENT 

216 

TA 

H  1  0  0  3  1 

264 

TA 

Z  1  0  0  2  1 

31  DK  GRTG  SPRTS  PT  3  CUT 

31  HANDRAILS  PT  193  PROCUREMENT 

217 

TA 

H  1  0  0  3  1 

265 

TA 

Z  1  0  0  2  1 

31  DK  GRTG  SPRTS  PT  t  CUT 

31  HANDRAILS  PT  194  PROCUREMENT 

213 

TA 

H  1  0  0  3  1 

266 

TA 

Z  1  0  0  2  1 

31  DK  GRTG  SPRTS  PT  8  CUT 

31  HANDRAILS  PT  224  PROCUREMENT 

219 

TA 

H  1  0  0  3  1 

267 

TA 

Z  1  0  0  2  1 

31  DK  GRTG  SPRTS  PT  11  CUT 

31  HANDRAILS  PT  225  PROCUREMENT 

220 

TA 

H  1  0  0  3  1 

268 

TA 

Z  1  0  0  2  1 

31  DK  GRTG  SPRB  PT  12CUT 

31  HANDRAIS  PT  226  PROCUREMENT 

221 

TA 

H  1  0  0  3  1 

26? 

TA 

H  1  0  0  3  1 

31  DK  GRTG  SPRTS  PT  231  CUT 

31  HANDRAILS  PT  222  CUT 

222 

TA 

Z  1  0  0  2  1 

270 

TA 

H  1  0  0  3  2 

31  DK  GRTG  SPR3  PT  14 

31  HANDRAILS  PT  223  BEND 

223 

TA 

Z  1  0  0  2  1 

271 

TA 

H  1  0  0  3  1 

31  DK  GRTG  SPRTS  PT  15 

31  HANDRAILS  PT  197  CUT 

224 

TA 

H  1  0  0  3  1 

272 

TA 

H  1  0  0  2  1 

31  DK  GRTG  SPRTB  PT  13  CUT 

31  HANDRAILS  PT  198  CUT 

225 

TA 

H  1  0  0  3  2 

273 

TA 

H  1  0  0  2  1 

31  DK  GRTG  SPRTS  PT  13  ROLL 

HANDRAILS  PT  199  CUT 

226 

TA 

H  1  0  0  2  1 

274 

TA 

H  1  0  0  3  1 

31  DK  GRTG  SPRTS  PT  5  CUT 

31  HANDRAILS  PT  ill  CUT 

227 

TA 

H  1  0  0  3  1 

275 

TA 

H  1  0  0  3  1 

31  DK  GRTG  SPRTS  PT  12  CUT 

31  HANDRAILS  PT  113  CUT 

228 

TA 

H  4  0  0  0  2 

276 

TA 

H  1  0  0  3  1 

31  DK  GRTG  SPRTS  ASSH  17  ASSYS1 

31  HANDRAILS  PT  125  CUT 

229 

TA 

Z  4  0  0  0  3 

277 

TA 

H  1  0  0  3  1 

31  DK  GRTG  SPRTS  INST  17  ASSYS 

31  HANDRAILS  PT  126  CUT 

230 

TA 

Z  4  0  0  0  3 

278 

TA 

H  1  0  0  3  1 

31  DK  GRTG  SPRTS  ASSH  TRANSITIGKPCS 

31  HANDRAILS  PT  112  CUT 

231 

TA 

H  1  0  0  3  1 

279 

TA 

Z  1  0  0  2  1 

31  GRTG  ACCESS  HANDLE  CUT 

31  HANDRAILS  PT  116  PROCUREMENT 

232 

TA 

H  1  0  0  3  2 

280 

TA 

Z  1  0  0  2  1 

31  GRTG  ACCESS  HANDLE  BEND 

31  HANDRAILS  PT  114  PROCUREMENT 

233 

TA 

Z  1  0  0  1  0 

281 

TA 

Z  i  0  0  2  1 

31  GRTG  ACCESS  LATCH  PTS  20,  20  X  23 

31  HANDRAILS  PT  115  PROCUREMENT 

234 

TA 

Z  1  0  0  1  0 

232 

TA 

Z  2  0  0  1  0 

31  GRTG  ACCESS  HINGES 

31  HANDRAILS  PT  116  DRILL 

235 

TA 

H  1  0  0  2  1 

2S3 

TA 

Z  2  0  0  I  0 

31  GRTG  ACCESS  LATCH  PTS  22  124 

31  HANDRAILS  PT  125  DRILL 

236 

TA 

H  2  0  0  0  0 

234 

TA 

Z  2  0  0  1  0 

31  GRTG  ASCCESS  LATCH  PT  ASSY 

31  HANDRAILS  PT  127  DRILL 

237- 

TA 

K-  3  0  0  1  1 

285 

TA 

Z  2  0  0  1  0 

31  GRTG  ACCESS  ASSY 

31  HANDRAILS  PT  112  DRILL 

238 

TA 

H  4  0  0  0  1 

236 

TA 

Z  2  0  0  1  0 

31  GRTG  ACCESS  INSTALL 

31  HANDRAILS  PT  113  DRILL 

239 

TA 

Z  1  0  0  1  1 

287 

TA 

Z  2  0  0  1  0 

31  DK  GRTG  HATL  PROCUREMENT 

31  HANDRAILS  PT  111  DRILL 

240 

TA 

H  2  0  0  0  0 

288 

TA 

Z  2  0  0  1  0 

31  DK  GRTG  CUT 

31  HANDRAILS  PT  198  DRILL 

241 

TA 

H  1  0  0  3  1 

289 

TA 

Z  2  0  0  1  0 

3i  DK  PLATE  CUT 

31  HANDRAILS  PT  21?  DRILL 

242 

TA 

H  1  0  0  3  1 

290 

TA 

Z  2  0  0  1  0 

31  DK  PLATE  DRILLING 

31  HANDRAILS  PT  195  DRILL 

243 

TA 

H  1  0  0  3  1 

291 

TA 

H  1  0  0  3  1 

31  DK  GRTG  SPRTS  PT  202  CUT 

31  HANDRAILS  PT  198  CUT 

244 

TA 

H  1  0  0  3  1 

->90 

TA 

H  1  0  0  3  1 

31  DK  GRTG  SPRTS  PT  227  CUT 

31  HANDRAILS  PT  219  CUT 

245 

TA 

H  1  0  0  3  1 

293 

TA 

H  3  0  0  0  0 

31  DK  GRTG  SPRTS  PT  20?  CUT 

31  HANDRAILS  ASSH  PTS  191/195 

246 

TA 

H  1  0  0  3  1 

7Q4 

TA 

H  3  0  0  0  0 

31  DK  GRTG  SPRTS  PT  212  CUT 

31  HANDRAILS  ASSH  PTS  224/195 

rLio 


2?5 

TA 

H  3  0  0  0  0 

31  HANDRAILS  ASSH  PTS  191/194 

296 

TA 

H  3  0  0  0  0 

31  HANDRAILS  ASSH  PTS  220/194 

297 

TA 

H  3  0  0  0  0 

31  HANDRAILS  ASSH  PTS  191/198 

298 

TA 

H  3  0  0  0  0 

31  HANDRAILS  ASSH  PTS  220/21? 

299 

TA 

H  3  0  0  0  0 

31  HANDRAILS  ASSH  PTS  111/116 

300 

TA 

H  3  0  0  0  0 

31  HANDRAILS  ASSH  PTS  111/115 

301 

TA 

H  3  0  0  0  0 

31  HAHDRAILS  ASSH  PTS  112/113 

302 

TA 

H  3  0  0  0  0 

21  HANDRAILS-  ASSH  PTS  112/111 

303 

TA 

H  3  0  0  0  0 

31  HAHDRAILS  ASSH  PTS  112/115 

304 

TA 

H  3  0  0  0  0 

31  HAHDRAILS  ASSH  PTS  113/114 

305 

TA 

H  3  0  0  0  0 

31  HANDRAILS  ASSH  PTS  111/126 

206 

TA 

H  3  0  0  0  0 

31  HAHDRAILS  ASSH  PTS  113/125 

207 

TA 

H  1  0  0  3  1 

31  HANDRAILS  PT  118  CUT 

303 

TA 

H  4  0  0  0  1 

31  HAHDRAILS  INSTALL 

309 

TA 

H  4  0  0  0  1 

31  HAHDRAILS  IHST.  120,  121,122,AHD  123 

310 

TA 

H  3  0  0  0  0 

31  HANDRAILS  ASSH  PTS  124/126 

311 

TA 

H  3  0  0  0  0 

31  HANDRAILS  ASSH  PTS  219/221 

312 

TA 

H  1  0  0  3  1 

SPECIAL  TOOL  STWG  -STO  CAB  CUT  FDH  PCS 

313 

TA 

H  3  0  0  0  0 

SPECIAL  TOOL  STWG  -STO  CAB  AS3H  FBN  PCS 

314  TA  H  5  0  0  3  2 

SPECIAL  TOOL  STWG-5TQ  CAB  IHST  FBH 

315  TA  2  1  0  0  0  1 

SPECIAL  TOOL  STUG  -STO  CAB  CUT  CABIHET 

316  TA  Z  2  0  0  1  0 

SPECIAL  TOOL  STWG  -STO  CABBEHD  CABIKET 

317  TA  1  2  0  0  1  0 

SPECIAL  TOOL  STWG  -STO  CAB  ASSH  CAB 

313  TA  Z  4  0  0  1  2 

SPECIAL  TOOL  STUG  -STO  CAB  INST  CABIHET 


31? 

TA 

P 

2 

0 

2 

2 

2 

*  SPECIAL  TOOL  STWG  -STO  CAB  PRIHE  HATfL 

320 

TA 

P 

3 

2 

1 

5 

0 

SPECIAL  TCOL  STUG-STO  CAB  PREP  FDH 

321 

TA 

P 

3 

2 

1 

5 

3 

SPECIAL  TOOL  STWG  -STO  CAB  PAINT  FDH 

322 

TA 

P 

? 

0 

1 

3 

2 

SPECIAL  TOOL  STUG-STO  CAB  PAIHT  CABIHET 

323 

TA 

H 

1 

0 

0 

3 

1 

EMER 

PITCH  HHD  PUMP  CUT  FDH  PCS 

224 

TA 

H 

3 

0 

0 

0 

0 

EHER 

PITCH  HAND  PUMP  ASSH  FDH  PCS 

225 

TA 

H 

5 

0 

0 

3 

o 

EHER 

PITCH  HAND  PUMP  IHST  FDH 

326 

TA 

P 

2 

0 

2 

2 

2 

EHER 

PITCH  HAND  PUMP  PRIME  HAFL 

327 

TA 

P 

3 

2 

1 

5 

0 

EMER 

PITCH  HAND  PUMP  PREP  FDN 

328 

TA 

P 

3 

2 

1 

5 

3 

EHER 

PITCH  HAND  PUMP  PAIHT  FDN 

329 

TA 

Z 

4 

0 

2 

1 

2 

EMER 

PITCH  HAND  PUMP  INST  PUMP 

320 

TA 

H 

1 

0 

0 

3 

l 

SSDG 

FUEL  PRIMING  PKP  STWG  CUT  FDH  PCS 

331 

TA 

H 

3 

0 

0 

0 

0 

SSSG 

FUEL  PRIMING  PMP  STWG  ASSH  FDH  PCS 

232 

TA 

H 

5 

0 

0 

3 

2 

SSDG 

FUEL  PRIMING  PKP  STWG  INST  FDH 

333 

TA 

Z 

1 

0 

0 

1 

1 

SSDG 

FUEL  PRIMING  PMP  STWG  STRP  PROCUREMENT 

334 

TA 

Z 

1 

0 

0 

2 

1 

SSDG 

FUEL  PRISING  PKP  STUG  TOOL  BOX  PROCUREMENT 

335 

TA 

z 

4 

0 

0 

1 

2 

SSDG 

FUEL  PRIMING  PMP  STWG  IHST  TOOL  BOX 

336 

TA 

p 

2 

0 

2 

2 

2 

SSDG 

FUEL  PRIHING  PMP  STWG  PRIME  HAFL 

337 

TA 

P 

3 

2 

1 

5 

0 

SSDG 

FUEL  FRIMIHG  PMP  STWG  PREP  FBN 

338 

TA 

P 

3 

2 

1 

5 

3 

SSDG 

FUEL  PRIMING  PMP  STOW  PAIHT  FDN 

339 

TA 

p 

4 

1 

0 

3 

2 

SSDG 

FUEL  FRIMIHG  PMP  STWG  FAINT  TOOL 

BOX 

340 

TA 

K 

1 

0 

0 

3 

1 

FUEL 

OIL  PURIFIER  CUT  FDH  PCS 

341 

TA 

H 

1 

0 

0 

3 

2 

R'EL 

OILPURIFIER  BEKD  FBN  PCS 

342 

TA 

H 

2 

0 

0 

1 

1 

PJEL 

OIL  PURIFIER  ASSH  FDN  PCS 

34  WSL  OIL  PURIFIER  HARDWARE  PROCuItHEHT 
344  Tft  7  1  0  0  2  2 

atl  OIL  PURIFIER  -PURIFIER  PROCUREMENT 
245  TA  H  5  0  0  3  2 

Pja  OIL  PURIFIER  IHST  FBH 

346  TA  P  2  0  2  2  2 

FUEL  OIL  PURIFIER  PRIME  FBH  PCS 

347  TA  P  3  2  1  5  0 

FI !EL  OIP  PURIFIER  PREP  FBH 

<3«p  ta  p  *5  ?  1  4-R 

"“FUEL  OIL  PURIFIER  PAINT  FBH 
34?  TA  Z  6  0  0  0  2 

aU  OIL  PURIFIER  IHST  PURIFIER 

350  TA  H  1  0  0  2  1 

TEE  (4386)  WRENCH  STOW  CUT  PCS 

351  TA  H  1  0  0  2  2 

TEE  (4386)  WRENCH  STOW  BEND  PC  63 

352  TA  H  3  0  0  1  0 

TEE  <4336)  WRENCH  STOW  ASSEM  PCS 

353  TA  H  4  0  0  1  1 

TEE  (4336)  WRENCH  STOW  IHST  STOWAGE 

354  TA  P  2  0  2  2  2 

TEE  (4236)  WRENCH  STOW  PRIME  STOWAGE 

355  TA  P  2  0  1  0  0 

TEE  (4396)  WRENCH  STOW  PEEP  STOWAGE 

256  TA  P  2  0  1  0  2 

TEE  (4336)  WRENCH  STOW  PAINT  STOWAGE 
357  TA  P  4  1  1  3  3 

TEE  (43336)  WRENCH  STOW  FINAL  PAINT  STOWAGE 
353  TA  Z  1  0  0  2  2 

TEE  (4336)  WRENCH  STOW  WRENCH  PROCUREMENT 

35?  TA  Z  6  0  0  0  2 

TEE  (4386)  WRENCH  STOW  IHST  WRENCH 
360  TA  H  1  0  0  2  1 

WRENCH  (454)  STOWAGE  CUT  PCS 

261  TA  H  1  0  0  2  2 

WRENCH  (454)  STOWAGE  BEKD  PC  5? 

262  TA  H  3  0  0  1  0 

WRENCH  (454)  STOWAGE  ASSH  PCS 

363  TA  H  4  0  0  1  1 

WRENCH  (454)  STOWAGE  IHST  STOWAGE 

364  TA  P  2  0  2  2  2 

WRENCH  (454)  STOWAGE  PRIME  STOWAGE 

365  TA  P  2  0  1  0  0 

WRENCH  (454)  STOWAGE  PREP  STOWAGE 

366  TA  P  2  0  1  0  2 

WRENCH  (454)  STOWAGE  PAINT  STOWAGE 

367  TA  P  4  1  1  3  3 

WRENCH  (454)  STOWAGE  FINAL  PAIHT  STOWAGE 

368  TA  Z  1  0  0  2  2 

WRENCH  (454)  STOWAGE  WRENCH  PRCCURHENT 

36?_  TA  Z  6  0  0  0  2 

370  TA  H  1  0  0  3  1 

(42)  DRY  CHEM  FIRE  EXT  STWG  CUT  FBH  PC 

371  TA 
(4)  DRY  CHEH  FIRE  EXT  STWG  PR  ME  PC 

372  TA 
(4)  DRY  CHEH  FIRE  EXT  STWG  INST  FDH 

373  TA 
(4)  DRY  CHEH  FIRE  EXT  STWG  PREP  FBH 

374  TA 
(4)  DRY  CHEH  FIRE  EXT  STWG  PAIHT  FDH 


P  2  0  2  2  2 
H  5  0  0  3  2 
P  3  2  1  4  0 
P  3  2  1  4  3 

P  4  2  1  3  3 


375  TA 
(4)  DRY  CHEH  FIRE  EXT  STWG  FINAL  PAIHT  FDH 

376  TA  Z  1  0  0  2  2 

(4)  DRY  CHEn  FIRE  EXT  STWG  EXISTING  l  HARDWARE  PROCUREMENT 


377 

TA 

Z  4  0 

0  1 

(4)  DTRY  CHEH  FIRE 

EXT  STWG  INST  EXT 

378 

TA 

H  1  0 

0  3 

GTRB  SPECIAL  TOOLS 

STWG  CUT  FBH  PCS 

27? 

TA 

H  3  0 

0  0 

*  GTRB  SPECIAL  TOOLS 

STWG  ASSH  FDH  FCS 

380 

TA 

H  5  0 

0  3 

GTRB  SPECIAL  TOCLS 

STWG  INST  FDHS 

381 

TA 

Z  1  0 

0  1 

GTRB  SPECIAL  TOOLS 

STUG  STRAP  PROCUREMENT 

382 

TA 

Z  1  0 

0  2 

GTRB  SPECIAL  TOOLS 

STUG  TOOL  BOX  PROCUREMENT 

383 

TA 

140 

0  1 

GTRB  SPECIAL  TOOLS 

STWG  IKST  TOOL  BOX 

384 

TA 

P  2  0 

2  2 

GT\E  SPECIAL  TOGLS 

STWG  PRIME  MAFL 

22e 

TA 

P  3  2 

1  5 

V~GTRB  SPECIAL  TOOLS 

STWG  PREP  FDHS 

386 

TA 

P  3  2 

1  5 

GTRB  SPECIAL  TOOLS 

STUG  PAIHT  FDHS 

287 

TA 

P  4  1 

0  3 

GRRS  SPECIAL  TOOLS 

STWG  PAIHT  TOOL  BOX 

338 

TA 

H  1  C 

0  3 

CAS  PUR  CABLE  RACK 

CUT  PCS 

339 

TA 

H  1  0 

0  3 

CAS  PUR  CABLE  RACK 

BEND  PCS  1  l  7 

290 

TA 

K  3  0 

0  1 

CAS  m  CABLE  RACK 

ASSH  PCS  1  i  3 

C-13 


391 


392 

C 

393 


CAS  PWR  CABLE  RACK  PRIME  PCS 


CAS  PUR  CABLE  RACK  IHST  HDR3 


3?4 

C 

395 


CAS  PUR  CABLE  RADI  IHST  RACK 


CAS  PUR  CABLE  RACK  PSEFPCS 


395 

C 

297 

y 

3<?8 


CAS  PUR  CABLE  RACK  PAINT  RACK 


CAS  PUR  CABLE  RACK  INST  CABLE 
7 

URENCH  ($53)  STCUAGE  CUT  PCS 


TA 

TA 

TA 

TA 

TA 

TA 

TA 

TA 


P  2 
H  4 
H  4 
P  3 
P  4 
Z  6 
H  1 
H  1 

H  3 
H  4 
P  2 
P  2 
P  2 
P  4 


UREHCH  ($53)  STCUAGE  BEND  PC  59 

399  TA 
WRENCH  ($53)  STOWAGE  ASSM  PCS 

400  TA 
WRENCH  (153)  STOWAGE  INST  STOWAGE 

401  TA 
UREWCH  ($53)  STOWAGE  PRIMS  STWG 

402  TA 
WRENCH  ($53)  STOWAGE  PREP  STWG 

403  -  *  TA 

WRENCH  ($53)  STOWAGE  PAINT  STWG 

404  TA 
WRENCH  ($53)  STOWAGE  FINAL  PAINT  STOWAGE 

405  TA  Z  1 

WRENCH  ($53)  STOWAGE  WRENCH  PROCURKENT 

406  TA  Z  6 

WRENCH  ($53)  STOWAGE  INST  URDJCH 

407  TA  H  1 

TEE  ($335)  WRENCH  STOW  CUT  PCS 

40S  TA  H  1 

TEE  ($385)  WRENCH  STOW  BEND  PC  63 

409  TA  H  3 

TEE  ($385)  WRENFCH  STOW  ASSM  PCS 

410  TA  H  4 

TEE  ($335)  WRENCH  STOW  INST  STWG 

411  TA  P  2 

TEE  ($335)  WRENCH  STOWAGE  PRIME  STWG 

412  TA  P  2 

TEE  ($85)  WRENCH  STOWAGE  PREP  STWG 

413  TA  P  2 

TEE  ($335)  WRENCH  STOW  PAINT  STWG 

414  TA  P  4 

TEE  ($385)  WRENCH  STOW  FINAL  PAINT  STGU 

415  TA  Z  1 

TEE  ($385)  WRENCH  STWC  WRENCH  PROCUREMENT 

416  TA  Z  6 

TEE  ($335)  WRENCH  STWG  INST  WRENCH 

417  TA  H  1 

CONTAMINANT  DRUM  STWG  CUT  PCS 

419  TA  H  1 

CONTAMINANT  DRUM  STWG  BEND  STRAP  ANCHORS 

41?  TA  H  3 

CONTAMINANT  DRUM  STWG  ASSM  PCS 

420  TA  P  2 

CONTAMINANT  DRUM  STWG  PRIME  STWG 

421  TA  H  5 

CCPNTAMINANT  DRUM  STWG  INST  STWG 

422  TA  P  3 

COHTAMINAT  DRUM  STWG  PREP  STWG 

423  TA  P  3  2  1  1  3 

CONTAMINANT  DRUM  STWG  PAINT  STWG 

424  TA  P  4  2  1  3  3 

CONTAMINANT  DRUM  STWG  FINAL  PAINT  STWG 

425  TA  Z  1  0  0  0  0 

CONTAMINANT  DRUM  STWG  MUM  PROCUREMENT 

426  TA  Z  6  0  0  0  0 


0  2  2  2 
0  0  12 
0  0  11 
2  0  0  0 
2  0  0  3 
0  0  0  2 
o  o : : 
o  o : : 

0  0  10 
0  0  11 
0  2  2  2 
0  10  0 
0  10  2 
113  3 
0  0  2  2 
0  0  0  2 

0  0  2  1 
0  0  2  2 
0  0  10 
0  0  11 
0  2  2  2 
0  10  0 
0  10  2 
113  3 
0  0  2  2 
0  0  0  2 
0  0  2  1 
0  0  2  2 
0  0  0  0 
0  2  2  2 
0  0  3  2 
2  110 


43? 

TA 

CAS 

POWER 

CABLE 

rah: 

ASSM  PCS  1 

l  3 

440 

TA 

CAS 

POWER 

CABLE 

RACK 

PRIME  PCS 

441 

TA 

CAS 

POWER 

CABLE 

RACK 

IHST  HBRS 

442 

TA 

CA$ 

FCCUER  CAPLE 

:  RACK  I*!ST  RACK 

442 

TA 

CAS 

POWER 

CABLE 

RACK 

PREP  FCS 

UA 

TA 

rA; 

*C-SF 

CABLE 

?ACK 

PAINT  RACK 

TA 

CAS 

"CUE* 

CABLE 

SACK 

INST  CABLE 

TA 

"AS 

rC*iEc 

CASTLE 

;  rac»! 

:  cut  pcs 

147 

TA 

CAS 

^VER 

CAEVLE  RAC1 

i:  BEND  PCS 

1  l 

443 

TA 

CAS 

^C-TR 

CABLE 

RACK 

ASSM  PCS  1 

l  3 

44^ 

TA 

CIS 

;  :wsr 

CABLE 

rad: 

P^IME  PCS 

450 

TA 

CAS 

rC«£R 

CABLE 

RACK 

INST  HBRS 

451_ 

TA 

s.Aa 

c~cc 

CABLE 

PACK 

INST  RACK 

452 

TA 

CAS 

?C*-E“ 

CABLE 

®ACK 

rR£?  PCS 

453 

TA 

CAS 

'CUE  A 

CABLE 

frftlNT  RACK 

454 

TA 

r 

;?WER 

cable 

RACK 

IHST  CABLE 

455 

TA 

<56 


CAS  FCWER  CABLE  RACK  CUT  PCS 


TA 


CAS  POWER  CABLE  ~ACK  BEND  PCS  1  $  7 
457  TA 

CAS  =■: »ER  CABLE  RACK  ASSM  FCS  1  I  3 


453^ 

45c~ 


4cO 

C 

461 


152 


CAS  PCWE-  CABLE  RACK  PRIME  PCS 
CAS  PCWEP  CABLE  RACK  INST  HIES 

0 

CAS  POWER  CABLE  RACK  INST  RACK 

1 

CAS  POWER  CABLE  RACK  FPE?  PCS 
POWER  CABLE  RACK  PAINT  RACK 


463 


464 


CAS  PCL’EP.  CABLE  RACK  INST  CABLE 


465 


W  5CCR  T-2CL  STWG  CUT  FBN  PCS 


MN  RDGR  TOOL  STWG  ASSM  FDN  PCS 


466 


46? 


«H  RDGR  TCCL  STUGINST  FDN 


TA 

TA 

TA 

TA 

TA 

TA 

TA 

TA 

TA 

TA 


KM  RDGR  TGGL  STWG  STRAP  PRCCURKENT 
469  TA 

KN  RDGR  TOOL  STWG  TOOL  BOX  PROCUREMENT 

469  TA 
MH  RDGR  TOOL  STUG  INST  TOOL  BOX 

470  TA 
MM  RDGR  TOOL  STWG  PRIME  MAT’L 


471 


472 


HN  RDGR  TOOL  STUG  PREP  FDN 


TA 

TA 


7  TA 

P  4  1  0  3  2 

475 

CONTAMINANT  DRUM  STUG  DRUM  PAINT 

WRENCH  < 

:8  TA 

H  1  0  0  3  1 

476 

CAS  PUR  CABLE  RACK  CUT  PCS 

WRENCH  1 

!9  TA 

H  1  0  0  3  2 

477 

CAS  POWER  CABLE  RACK  BEND  PCS  1  $  7 

UREHCH  ( 

!Q  TA 

H  3  0  0  1  0 

473 

CAS  PUR  CABLE  RACK  ASSM  PCS  1  l  3 

WRENCH  < 

11  TA 

P  2  0  2  2  2 

47? 

CAS  POWER  CABLE  RACK  PRIME  PCS 

WRENCH  I 

12  TA 

H  4  0  0  1  2 

480 

CAS  PWR  CABLE  RACK  IHST  HDRS 

WRENCH  1 

13  TA 

H  4  0  0  1  1 

481 

CAS  POWER  CABLE  RACK  INST  RACK 

UREHCH  \ 

14  TA 

P  3  2  0  0  0 

482 

CAS  POWER  CABLE  RACK  PREP  FCS 

WRENCH  < 

15  TA 

P  4  2  0  0  3 

433 

CAS  POWER  CABLE  RACK  PAINT  RACK 

WRENCH  1 

!6  TA 

2  6  0  0  0  3 

484 

CAS  POWER  CABLE  RACK  INST  CABLE 

(4)  C02 

7  TA 

H  1  0  0  3  1 

485 

CAS  POWER  CABLE  RACK  CUT  PCS 

(4)  C02 

i5  TA 

H  1  0  0  3  2 

486 

CAS  POWER  CABLE  RACK  BEND  PCS  1  l  1 

(4)  C02 

MM  RDGR  TOOL  STWG  PAINT  FDN 

473  TA 
MN  RDGR  TOOL  STWG  PAINT  TOOL  BOX 

474  TA 
WRENCH  ($49)  STOWAGE  CUT  PCS 

TA 

STOWAGE  BEND  PC  59 

TA 

STOWAGE  ASSM  PCS 

TA 

STOUAGE  INST  STUG 

TA 

STCUAGE  PRIME  STWG 

TA 

STOUAGE  PREP  STWG 

TA 

STOWAGE  PAINT  STUG 

TA 

STUOhGE  FINAL  PAINT  ST! 

TA 

STOUAGE  WRENCH  PROCURKI 
TA 

STOWAGE  INST  WRENCH 

TA 

EH  STWGS  CUT  PCS 

TA 

EXT  STWGS  BEND  PC  55 
TA 


H  3 
P  2 
H  4 
H  4 
P  3 
P  4 
Z  6 
H  1 

H  1 
H  3 
P  2 
H  4 
H  4 
P  3 
P  4 
Z  6 
H  1 
H  1 
H  3 
P  2 
H  4 
H  4 
P  3 
P  4 

Z  6 
H  l 
H  3 
H  5 
1  1 
Z  1 
Z  4 
P  2 

P  3 
P  3 
P  4 
H  1 
H  i 
H  3 
H  4 
P  2 

P  2 
P  2 
P  4 
Z  1 
Z  6 
H  1 
H  1 
2  1 


0  0  10 
0  2  2  2 
0  0  12 
0  0  11 
2  0  0  0 
2  0  0  3 
0  0  0  3 
0  0  3  1 

0  0  3  2 
0  0  10 
0  2  2  2 
0  0  12 
0  0  11 
2  0  0  0 
2  0  0  3 
0  0  0  3 

0  0  3  1 
0  0  3  2 
0  0  10 
0  2  2  2 
0  0  12 
0  0  11 
2  0  0  0 
2  0  0  3 

0  0  0  3 
0  0  3  1 
0  0  0  0 
0  0  3  2 
0  0  11 
0  0  2  1 
0  0  12 
0  2  2  2 

2  15  0 
2  15  3 
10  3  2 
0  0  2  1 
0  0  2  2 
0  0  10 
0  0  11 
0  2  2  2 

0  10  0 
0  10  2 
113  3 
0  0  2  2 
0  0  0  2 
0  0  3  1 
0  0  3  2 
0  0  2  2 


C-14 


TA  H  3  0  0  1  0 


(4)  C02  FIRE  EXT  STUGS  ASSH  FSH 
488  TA  P  2 

(4)  CG2  FIRE  EXT  STUGS  PRIME  FARTS 
4S?  TA  H  5 

' i4)  CG2  FIE  EXT  STUGS  INST  FDN 

490  TA  Z  1 

C 4>  C02  FIRE  EXT  STUGS  BOTTLE  PROCUREMENT 

491  TA  Z  6 

(45  CQ2  FIRE  EXT  STUGSISST  BOTTLE 

492  TA  P  3 

(4)  C02  FIRE  EXT  STUGS  CLEAH  FDN 

493  TA  P  3 

(4)  C02  FIRE  EXT  STUGS  PAIOKT  FDH 


W  iH  r  q 

(4)  C02  FIRE  EXT  STUGS  FINAL  PAINT  FDH 


3  MJ  DOORS  PROCURE  DOORS 

496  TA 
3  HJ  DOORS  INST  DOORS 

497  TA 
3  MJ  DOORS  PREP  IUD  DRS 

498  TA 
3  MJ  DOORS  PAINT  IUD  DOORS 

499  TA 
3  HJ  DOORS  FINAL  PAINT  IUD  DRS 

500  TA 
€4)  C02  FIRE  EXT  SINGS  CUT  PCS 

501  TA 
(4)  C02  FIRE  EXT  STUGS  BEND  PC  55 

502  TA 


P  2  0  2  2  2 
H  5  0  0  3  2 
Z  1  0  0  2  2 

m 

1  6  0  0  0  2 
P  3  2  0  2  0 
P  3  2  0  2  2 
P  4  2  0  3  3 

Z  1  0  0  1  1 
Z  4  0  0  1  0 
P  2  1  2  2  0 
P  2  1  2  2  0 
P  4  2  0  3  3 
H  1  0  0  3  1 
H  1  0  0  3  2 


(4)  C02  FIRE  EXT  STUGS  PROCURE  HARDWARE 


503  TA  H  3 

(4)  C02  FIE  EXT  STUGS  ASSH  FDN 

504  TA  P  2 

(4)  C02  FIRE  EXT  STUGS  PRIME  PARTS 

505  TA  H  5 

(4)  C32  FIRE  EXT  STUGS  INST  FDH 

506  TA  Z  1 

(4)  C02  FIRE  EXT  STUGS  BOTTLE  PROCUREMENT 

507  TA  16 

(4)  CC2  FIRE  EXT  STUGS  IONST  BOTTLE 

503  TA  P  3 

(4)  CG2  FIRE  EXT  STUGS  CLEAN  FDH 

509  TA  P  3 


510  TA  P  4 

(4)  C02  FIRE  EXT  STUGS  FIBAL  PAINT  FDN 


3  HJ  DOORS  PROCURE  DCCRS 

512  TA  Z  4  0  0  1  0 

3  HJ  DOORS  INST  DOORS 

513  TA  F  2  1  2  2  0 

3  HJ  BGCRS  FEE?  IUD  DOORS 

514  TA  P  2  1  2  2  0 

3  HJ  DOORS  PAINT  IUD  DOORS 

515  TA  P  4  2  0  3  3 

3  HJ  DOORS  FI HAL  PAINT  IUD  DOORS 

516  TA  H  1  0  0  3  1 

(4)  C02  FIRE  EXT  STUGS  CUT  PCS 

517  TA  H  1  0  0  3  2 

(4)  C02  FIRE  EXT  STUGS  BEND  PC  55 

513  TA  Z  1  0  0  2  2 

(4)  C02  FIRE  EXT  STUGS  PROCURE  HARDWARE 

519  TA  H  3  0  0  1  0 

(4)  C02  FIRE  EXT  STUGS  ASSH  FDN 

520  TA  P  2  0  2  2  2 

(4)  C02  FIRE  EXT  STUGS  PRIME  PARTS 

521  TA  H  5  0  0  3  2 

(4)  C02  FIRE  EXT  STUGS  INST  FDN 

522  TA  Z  1  0  0  2  2 

(4)  C02  FIRE  EXT  STUGS  BOTTLE  PROCUREMENT 

523  TA  Z  6  0  0  0  2 


H  3  0  0  1  0 

p  2  0  2  2  2 

H  5  0  0  3  2 

Z  1  0  0  2  2 
:ht 

Z  6  0  0  0  2 
P  3  2  0  2  0 
P  3  2  0  2  2 
P  4  2  0  3  3 

Z  1  0  0  1  1 
Z  4  0  0  1  0 
F  2  1  2  2  0 
P  2  1  2  2  0 
P  4  2  0  3  3 
H  1  0  0  3  I 
H  1  0  0  3  2 
Z  1  0  0  2  2 


3  HJ  DOORS  PROCURE  DOORS 
3 

3  HJ  DOORS  INST  DOORS 
o 

*3  HJ  DOORS  PREP  IUD  DOORS 
10 

3  HJ  DOORS  PAINT  IUD  DOORS 

11 

3  MJ  DOORS  FINAL  PAINT  IUD  DCOR 
2 

"(4)  C02  FIRE  EXT  STUGS  CUT  PCS 


(4)  C02  FIRE  EXT  STUGS  BEND  PC  55 
534  TA  Z 

(4)  C02  FIRE  EXT  STUGS  PROCURE  HAROUAKE 


535  TA  H  3  0  0  1  0 

(4)  C02  FIRE  EXT  STUGS  ASSH  FDN 

536  TA  P  2  0  2  2  2 

(4)  C02  FIRE  EXT  STUGS  PRIME  PARTTS 

537  TA  H  5  0  0  3  2 

(4)  C02  FIRE  EXT  SPJCS  INST  FDN 

533  TA  Z  1  0  0  2  2 

(4)  C02  FIRE  EXT  STUGS  BOTTLE  PRCCUREHEHT 

539  TA  Z  6  0  0  0  2 

(43  CQ2  FIRE  EXT  STUGS  INST  BOTTLE 

540  TA  P  3  2  0  2  0 

_  (4)  C02  FIRE  EXT  STUGS  CLEAN  FDN 

541  TA  P  3  2  0  2  2 

(4)  C02  FIRE  EXT  STUGS  PAINT  FDN 

542  TA  .  f-4-2  0  3  3 
(4)  CQ2  FIRE  EXT  STWGS  FINAL  FAINT  FDN 

543  TA  H  1  0  0  3  1 

JP5  FUEL  BOTTLE  STWG  CUT  PCS 

544  TA  H  1  0  0  3  2 

JP5  FUEL  BOTTLE  STWG  BEHD  PCS  699.  704,  701.  700  $  703 

545  TA  H  3  0  0  0  0 

JP5  FUa  BOTLE  STWG  ASSH  PARTS 

546  TA  P  2  0  2  2  ? 

JP5  FUa  BOTTLE  STWG  PRIHE  FDN  "  * 

•  547  TA  H  4  0  0  1  2 

JF5  FUa  BOTTLE  STWG  INST  UPPER  FDN 

548  TA  H  5  0  0  3  2 

JP5  FUEL  BOTTLE  STWG  IHST  LOWER  FDN 

549  TA  2  1  0  0  2  1 

JP5  FUEL  BOTTLE  STWG  PROCURE  HARDWARE 

550  TA  P  3  2  2  1  0 

JP5  FUEL  BOTTLE  STWGS  PREP  FDNS 


P  2  0  2  2  2 
H  4  0  0  1  2 
H  5  0  0  3  2 
P  3  2  2  1  0 
P  3  2  2  1  2 
P  4  2  0  1  3 
210022 


TA 

Z  6  0  0  0  2 

571 

IE 

TA 

P  3  2  0  2  0 

57"’ 

TA 

P  3  2  0  2  2 

572 

TA 

P  4  2  0  3  3 

5"4 

[NT  FDN 

TA 

Z  1  0  0  1  1 

575 

TA 

Z  4  0  0  l  0 

F 

576 

TA 

P  2  1  2  2  0 

c»-» 

£ 

TA 

P  2  1  2  2  0 

572 

TA 

P  4  2  0  3  3 

579* 

> 

TA 

H  1  0  0  3  1 

sec* 

TA 

H  1  0  0  2  2 

52f 

551  TA  P  3  2  2  1  2 

•IPS  FUEL  BOTTLE  STWG  PAINT  FDNS 

552  TA  P  4  2  0  1  3 

JFS  FUa  BOTTLE  STWG  FINAL  PAINT  FDNS 

553  TA  2  1  0  0  2  2 

JP5  FUa  BOTTLE  STWG  PROCURE  BOTTLES 

554  TA  2  6  0  0  0  0 

JP5  FUEL  BOTTLE  STWG  IHST  BOTTLES 

555  TA  H  1  0  0  3  1 

2  L3  SAMPLE  BOTTLE  RACK  CUT  PCS 

556  TA  H  1  0  0  3  2 

2  LO  SAHFLE  BOTTLE  RACK  BEND  PC  96B 

557  TA  2  1  0  0  2  1 

2  LO  SAHFLE  BOTTLE  RACK  PROCURE  HARDWARE 

553  TA  H  3  0  0  0  0 

2  LO  SAMPLE  BOTTLE  RACK  ASSH  PASTS 

559  TA  P  2  0  2  2  2 

ao  SAHPLE  BOTTLE  RACK  PRIME  FDN 

540  TA  H  4  0  0  1  2 

2L0  SAHFLE  BOTTLE  RACK  INST  OFFER  FDN 

54!  TA  H  5  0  0  3  2 

2  LC  SAMPLE  BOTTLE  RACK  INST  LWR  FDN 

562  TA  P  3  2  2  1  0 

2  LO  SAMPLE  BOTTLE  RACK  PREP  FDNS 

563  TA  P  3  2  2  1  2 

2  LO  SAMPLE  BOTTLE  RACK  PAIKT  FDNS 

564  TA  P  4  2  0  1  3 

2  LO  SAMPLE  FINAL  PAINT  FDNS 

545  TA  2  1  0  0  2  2 

2  LO  SAMPLE  BOTTLE  RACK  PROCURE  BOTTLES 

566  TA  2  6  0  0  0  0 

2  LO  SAMPLE  BOTTLE  RACK  INST  BOTTLES 

567  TA  H  1  0  0  3  1 

FO  PURIFIER  SPECIAL  TOOL  STWG  CUT  PCS 

5c8  TA  P  2  0  2  2  2 

r?  ?"?;!:  I”  SPECIAL  !uCL  STUC  PRIME  PCS  - 

569  ~  *  "u  '  4  0  0  1  2 

r3  PURIFIED  SPECIAL  TOOL  STWG  INST  GUSSETS 

5?C  TA  H  4  0  0  1  1 

FD  PURIFIER  SPECIAL  TOOL  STWG  INST  FDN  PCS 

571  TA  P  3  2  2  2  0 

FO  ^JRIFIE*  SFECIAL  TOOL  STUC  PREP  FDN 

572  TA  P  3  2  2  2  2 

rn  P<jctr:r?  crrClAL  TC0L  STUG  paiht  FDN 

572  TA  P  4  2  1  5  3 

FO  PUFFIER  SPECIAL  TCCL  STUG  FINAL  PAINT  FDH 

5’4  TA  Z  1  0  0  2  2 

FO  PURIFIER  SPECIAL  TOOL  STUG  PROCURE  TOOL  BOX 


Z  6  0  0  0  2 
L  BOX 

P  4  1  0  3  2 
OL  BOX 
H  1  0  0  3  l 

H  1  0  0  3  2 

Z  1  0  0  2  1 


521  TA  H  3  0  0  0  0 

2  LO  SAMPLE  BOTTLE  RACK  ASSH  PARTS 

522  TA  P  2  0  2  2  2 

2  LO  SAMPLE  BOTTLE  RACK  PRIME  FDN 


r_ 


583  TA  H  4  0  0  1  2 

2  LO  SAMPLE  BOTTLE  RACK  IHST  UPPER  FDN 
5B4  TA  H  1  0  0  3  2 

2  LO  SAMPLE  BOTTLE  RACK  IHST  LUR  FDN 

585  TA  P  3  2  2  1  0 

2  LO  SAMPLE  BOTTLE  RACK  PREP  FENS 

586  TA  P  3  2  2  1  2 

2  LO  SAMPLE  BOTTLE  RACK  PAINT  FENS 

587  TA  P  4  2  0  1  3 

2  LO  SAMPLE  BOTTLE  RACK  FINAL  PAINT  FENS 

588  TA  2  1  0  0  2  2 

2  LO  SAMPLE  BOTTLE  RACK  PROCURE  BOTTLES 

559  TA  Z  6  0  0  0  0 

2  LO  SAMPLE  BOTTLE  RACK  INST  BOTTLES 

590  TA  H  1  0  0  2  1 

TEE  (4380)  UKEHCH  STUG  CUT  PCS 

591  TA  H  1  0  0  2  2 

TEE  (4380)  UKEHCH  STUG  BEND  PC  63 

590  TA  H  3  0  0  I  0 

"TEE  (4330)  UKEHCH  STUG  ASSM  PCS 

593  TA  H  4  0  0  1  1 

TEE  (4330)  URENCH  STUG  INST  STUG  „  A  _  _  _ 

594  TA  P  2  0  2  2  2 

TEE  (4230)  UKEHCH  STUG  PRIME  STUG  * 

595  TA  P  2  0  1  0  0 

TEE  (4380)  URENCH  STUG  PREP  STUG  _  _ 

596  TA  P  2  0  1  0  2 

TEE  (4380)  URENCH  STUG  PAINT  STUG 

597  TA  P  -4  1  1  3  3 

TEE  (4380)  URENCH  STUG  FINAL  PAINT  STUG 
593  .  -  TA  Z'1-0  0- 2-2- 

TEE  (4330)  URENCH  STUG  PROCURE  URENCH 

599  TA  Z  6  0  0  0  2 

TEE  (4380)  URENCH  STUG  INST  URENCH 

600  TA  H  1  0  0  2  1 

TEE  (4381)  URENCH  STUG  CUT  PCS  0 

401  TA  H  1  0  0  S  *- 

TEE  (*381)  URENCH  STUG  BEND  PC  O  H30#1# 

‘TEE  (»3S1>  URENCH  STUG  ASSH  PCS  ....... 

603  TA  M  H  1  l 

TEE  (*381)  URENCH  STUG  INST  STUG  ,  „  , 

604  *  TA  r  i 

TEE  (4381)  URENCH  STUG  PRIME  STUG 

605  TA  P  2  0  I  9  0 

TEE  (4231)  URENCH  STUG  PREP  STUG  n 

606  TA  r  2  J  1  v 

TEE  (4381)  URENCH  STUG  PAINT  STUG 

"607  TA  P  4  1  1  3  3 

TEE  (4331)  URENCH  STUG  FINAL  PAINT  STUG 
60S  TA  Z  1  0  0  2  2 

TEE  (4381)  URENCH  STUG  PROCURE  URENCH 
60?  TA  Z  6  0  0  0  2 

TEE  (4381)  URENCH  STUG  INST  URENCH 
610  TA  H  1  0  0  2  1 

^HSEMH  «»>  SWC  COT  PCS  „ 

1BIHCH  (BO)  SW  Kffl  PC  59  J# 

URENCH  (#50)  STUG  ASSH  PCS 

413  TA  H  4  0  0  1  1 

URENCH  (ISO)  STUG  INST  STUG  „  ,  „  „  „ 

414  TA  P  2  0  2  2  2 

URENCH  (ISO)  STUG  PRIME  STUG 

415  TA  P  2  0  1  0  0 

URENCH  (150)  STUG  PREP  STUG 

616  TA  P  2  0  1  0  2 

URENCH  (150)  STUG  PAINT  STUG  ,  „  , 

417  TA  P  4  1  1  3  3 

URENCH  (ISO)  STUG  FINAL  PAIHT  STUG 

418  TA  2  1  0  0  2  2 

URENCH  (150)  STUG  PROCURE  URENCH 

61?  TA  2  A  0  0  0  2 

URNCH  (*50)  STUG  INST  URENCH 
420  TA  H  1  0  0  2  1 

TEE  (*382)  URENCH  STUG  CUT  PCS 
621  TA  H  1  0  0  2  2 

TEE  (*382)  URENCH  STUG  BEND  PC  43 

422  TA  H  3  0  0  1  0 

TEE  (*332)  UEREHCH  STUG  ASSM  PCS 

423  TA  H  4  0  0  1  1 

TEE  (*382)  URENCH  STUG  INST  STUG 

624  TA  P  2  0  2  2  2 

TEE  (1382)  URENCH  STUG  PRIME  STUG 

625  TA  P  2  0  1  0  0 

-  TEE  -(*382)-WRENCH-STG  PREP  STUG 

426  TA  P  2  0  1  0  2 

TEE  (*382)  URENCH  STUG  PAINT  STUG 

427  TA  P  4  1  1  3  3 

TEE  (*283)  URENCH  STUG  FINAL  PAINT  STUG 

428  TA  Z  1  0  0  2  2 

TEE  (*383)  URENCH  STUG  PROCURE  URENCH 

62?  TA  Z  4  0  0  0  2 

TEE  (*382)  URENCH  STUG  IHST  URENCH 
630  TA  H  1  0  0  2  1 

TEE  (*283)  URENCH  STUG  CUT  FCS 


431  TA  H  1  0  0  2  2 

TEE  (*333)  URENCH  STUG  BENS  PC  43 

432  TA  H  3  0  0  1  0 

TEE  (#83)  URENCH  STUG  ASSM  PCS 

433  TA  H  4  0  0  l  1 

TEE  (*383)  URENCH  STUG  INST  STUG 

434  TA  P  2  0  2  2  2 

TEE  (1383)  URENCH  STUG  PRIME  STUG 

635  TA  P  2  0  1  0  0 

TEE  (*383)  URENCH  STUG  PREP  STUG 

434  TA  P  2  0  1  0  2 

TEE  (*383)  URENCH  STUG  PAINT  STUG 

637  TA  P  4  1  1  3  3 

TEE  (*383)  URENCH  STUG  FINAL  PAINT  STUG 

423  TA  Z  1  0  0  2  2 

TEE  (*383)  URENCH  STUG  PROCURE  URENCH 

63?  TA  Z  4  0  0  0  2 

TEE  (*383)  URENCH  STUG  IHST  URENCH 

640  TA  H  1  0  0  2  1 

URENCH  (#51)  STUG  CUT  PCS  . 

641  TA  H  1  0  0  2  2 

URENCH  (#51)  STUG  BEND  PC  59 

44-i  TA  H  3  0  0  1  0 

URENCH  (#51 )  STUG  ASSM  PCS 

443  TA  H  4  0  0  1  1 

URENCH  (#51)  STUG  INST  STUG  . 

444  TA  P  2  0  2  2  2 

URENCH  (*51)  STUG  PRIHE  STUG 

445  TA  P  2  0  l  0  0 

URENCH  051)  STUG  PREP  STUG  ,  ,  ,  „ 

644  TA  P  2  0  1  0  2 

URENCH  051)  STUG  PAINT  STUG 


447 


TA  P  4  1  1  3  3 
'URENCH  051)  STUG  FINAL  FAINT  STUG 
648  TA  Z  1  0  0  2  2 

URENCH  051)  STUG  PROCURE  URENCH 
44?  TA  Z  4  0  0  0  2 

URENCH  051)  STUG  IHST  URENCH 
6e:o  TA  H  1  0  0  J  1 

'  HELMET  STUG  RACK  PON  CUT  PCS 

651  TA  H  1  0  0  J  l 

HELMET  STUG  RACK  FOH  BEND  PCS  215  AND  214 
;ep  TA  Z  1  0  0  2  1 

‘HELMET  STUG  RACK  FDN  PROCURE  HARDWARE 
£53  TA  H  J  0  u  u  u 

^HELMET  STUG  RACK  FEH  ASSH  FBI!  ^  g  ^  ^ 

J ^HELMET  STUG  RACK  FEH  ASSM  RACKS 
655  TA  P  2  0  2  2  2 

HELMET  STUG  RACK  FEH  PRIME  FEH  5  RACKS 
556  TA  H  4  0  0  1  1 

^HELMET  STUG  RACK  FDM  INST  FDM  ^  p  3  2  2  2  () 

HELHET  STUG  RACK  FDN  PREF  FDN 

658  TA  P  3  2  2  2  2 

HELMET  STUG  RACK  FDN  PAINT  FDN 

659  IA  H  3  0  v  0  0 

HELMET  STUGRACK  FDN  ASSN  RAD!  TO  FDN  ...... 

460  TA  P  4  2  0  0  3 

HELMET  STUG  RACK  FDN  FINAL  PAINT  FDN 
661  TA  H  1  0  0  3  1 

RH  DOOR  44  QT  LO  CAN  RACK  CUT  PCS 
46?  TA  H  3  0  0  0  0 

‘RH  DOORH  44  QT  LO  CAN  RACK  ASSM  PCS 

463  TA  P  2  0  2  2  2 

RH  DOOR  44  QT  LO  CAH  RACK  PRIME  FDN 
444  TA  H  4  0  0  1  I 

RH  DOOR  44  QT  LO  CAN  RACK  INST  FDN  „„„„„„ 

465  18  P  3  2  2  2  0 

RH  DOOR  44  QT  LO  CAN  RACK  PREP  FDN 

466  TA  P  3  2  2  2  2 

RH  DOOR  44  QT  LO  CAN  RACK  PAINT  FDN 

667  TA  Z  1  0  0  2  1 

RH  DOOR  44  QT  LO  CAN  RACK  PROCURE  HARDUARE 
468  TA  Z  4  0  2  1  2 

RH  DOOR  44  QT  LO  CAN  RACK  ASSM  RACK  TO  FDN 
64?  TA  P  4  2  0  3  3 

RH  DOOR  44  QT  LO  CAN  RACK  FINAL  PAINT  UNIT 

470  TA  Z  1  0  0  2  1 

LH  DOOR  44  QT  LO  CAH  RACK  FROCURE  HARDUARE 

471  TA  Z  4  0  2  1  2 

LH  DOOR  44  QT  LO  CAN  RACK  INST  RACK 

67^  TA  P  4  2  0  3  3 

LH  DOOR  44  QT  LO  CAN  RACK  FINAL  PAIHT  UNIT 

473  TA  H  1  0  0  3  1 

CLEAN  UP  CREUS  LKR  CUT  MOUNTING  PCS 

474  TA  P  2  0  2  2  2 

'  CLEAN  UP  CREUS  LKR  PRIME  PCS 

475  TA  H  4  0  0  1  1 

CLEAN  UP  CREUS  LKR  INST  MOUNTING  PCS  A  , 

676  TA  H  1  0  0  1  1 

CLEAN  UP  CREUS  LKR  CUT  LKR  PCS 

477  TA  H  1  0  0  1  2 

CLEAN  UP  CREUS  LKR  BEND  STIFFS 

478  TA  Z  1  0  0  2  1 

CLEAH  UP  CREUSLKR  PROCURE  HARDUARE 


r>  i  < 


679  TA  Z  2  0  0  1  0 

CLEAH  UP  CREWS  LKR  ASSH  LOCKING  DEVICE 

680  TA  H  1  0  0  1  2 

CLEAN  UP  CREWS  LOCKER  BEHD  LKR  PUS 

681*  *  ***  -  •  -  TA  *  -Z-3-OQ  1  0- 

CLEAN  UP  CREWS  LKR  ASSH  LKR 

602  TA  P  2  0  2  2  2 

CLEAN  UP  CREWSLKR  PRIHE  LKR 

683  TA  P  3  2  0  3  3 

CLEAH  UP  CREWS  LKR  PAINT  LKR 

604  TA  Z  4  0  0  1  2 

CLEAN  UP  CREWS  UiR  INST  LKR 

685  TA  P  4  2  0  3  2 

CLEAH  UP  CREWS  LKR  FINBAL  PAINT  LKR 

686  TA  Z  1  0  0  2  1 


727  TA  P  3  2  1  0  0 

FUEL  PURIFIER  WORKBENCH  PREP  FDN 

728  TA  P  3  2  1  0  2 

FUa  PURIFIER  WORKBENCH  PAINT  FBN 

729  TA  Z  1  0  0  1  i 

FUEL  PURIFIER  WORKBENCH  PROCURE  SINK  UNIT 

730  TA  Z  4  0  2  i  2 

FUa  PURIFIER  WORKBENCH  INST  SINK  UNIT 

731  TA  H  1  0  0  3  1 

MACHINIST  WORKBENCH  CUT  PCS  63  l  99 

722  TA  Z  2  0  0  I  0 

MACHINIST  WORKBENCH  DRILL  HOLES 

732  TA  Z  1  0  0  2  1 

MACHINIST  WORKBENCH  PROCURE  HARDWARE 


220010 
Z  1  0  0  2  1 


H  5  0  0  3  2 


6B7  TA  Z  1  0  0  2  1 

OPERATORS  LKK  STWG  PROCURE  LOCKER 

688  TA  Z  4  0  0  1  0 

OPERATORS  LKR  STWG  INST  LKR 

689  TA  P  4  2  0  3  2 

OPERATORS  LKR  STWG  FIHAL  PAINT  LKR 

690  TA  Z  1  0  0  2  1 

STWG  OF  DRY  CKEM  FIRE  EXT  PROCURE  HARDWARE 

691  TA  Z  1  0  0  2  1 

STWG  OF  DRY  CHEN  FIRE  EXT  PROCURE  EXTINGUISHER 

692  TA  H  1  0  0  3  1 

STWG  OF  DRY  CHEM  FIRE  EXT  CUT  FDM  PCS 

693  TA  P  2  0  2  2  2 

STWG  OF  DRY  CHEM  FIRE  EXT  PRIHE  PCS 

694  TA  H  4  0  0  1  1 

STWG  OF  DRY  CHEM  FIRE  EXT  INST  FDN 


P202Z2 


H  4  0  0  1  1 


MACHINIST  WORKBENCH  PREP  FDN 


naLruNihi  jiUKKctnun  rKULUKt  •iuKKtcaun 


P  3  2  1  0  0 
Z  1  0  0  1  1 
2  4 vrl  2 


P  3  2  1  0  2 
P  4  2  1  3  3 
H  1  0  0  1  1 
H  1  0  0  1  2 
Z  1  0  0  2  1 


695  TA  Z  4  0  0  I  2 

STWG  OF  DRY  CHEM  FIRE  EXT  INST  EXT 

696  TA  P  3  2  1  0  2 

STUG  OF  DRY  CHEM  FIRE  EXT  PAINT  FDN 

697  TA  p  4  2  1  3  3 

STUG  OF  DRY  CHEM  FIRE  EXT  FINAL  PAINT 

693  TA  H  1  0  0  1  1 

GTRB  SPECIAL  TOOLS  STWG  CUT  LKR  PCS 

699  TA  H  1  0  0  1  2 

GTRB  SPECIAL  TOOLS  STWG  BEND  LKR  PCSA 

700  TA  Z  1  0  0  2  1 

GTRB  SPECIAL  TOOLS  STWG  PROCURE  HARDWARE 

701  TA  Z  3  0  0  1  0 

GTRB  SPECIAL  TOOLS  STWG  ASSH  LKR 

702  TA  H  1  0  0  3  1 

GTRB  SFECIAL  TOOLS  STWG  CUT  MOUNTING  PCS 

703  TA  Z  3  0  0  1  0 

GTRB  SPECIAL  TOOLS  STWG  ASSM  MTG  PCS  TO  LKR 

704  TA  Z  4  0  0  1  2 

GTRB  SPECIOAL  TOOLS  STWG  INST  LKR 

705  TA  Z  1  0  0  2  2 

GTRB  SPECIAL  TOOLS  STWG  PROCURE  TOOL  BOXES 

706  TA  Z  i  0  0  2  2 

GTRB  SPECIAL  TOOLS  STUG  PROCURE  STRAPS 

707  TA  P  2  0  2  2  2 

GTRB  SPECIAL  TOOLS  STWG  PRIHE  LKR 

708  TA  P  3  2  0  3  0 

"GTRB  SPECIAL  TOOLS  STWG  PREP  LKR 

709  TA  P  3  2  0  3  2 

GTRB  SPECIAL -TOOLS  STUG  PAINT  LKR 

710  TA  Z  6  0  0  0  2 

GTRB  SPECIAL  TOOLS  STWG  INST  TOOL  BOXES 

711  TA  H  1  0  0  3  1 

BULLETIN  BOARD  AND  FIRST  AID  BOX  FDN  CUT  FDN  PCS 

712  TA  Z  4  0  0  0  0 

BULLETIN  BOARD  AND  FIRST  AID  BOX  FDN  DRILL  HOLES 

713  TA  Z  1  0  0  2  1 

BULLETIN  BOARD  AND  FIRST  AID  BOX  FDN  PROCURE  HARDWARE 

714  TA  H  3  0  0  1  0 

BULLETIN  BOARD  AND  FIRST  AID  BOX  FDN  AQSSH  FDH 

715  TA  P  2  0  1  0  2 

BULLETIN  BOARD  AND  FIRST  AID  BOX  FDH  PRIME  FDN 

716  TA  H  4  0  0  1  1 

BUUETIH  BOARD  AND  FIRST  AID  BOX  FDN  INST  FDH 

71?  TA  P  3  2  1  2  0 

BULLETIN  BOARD  AND  FIRST  AID  BOIX  FDN  PREP  FDN 

718  TA  P  3  2  1  2  2 

BULLETIN  BOARD  AND  FIRST  AID  BOX  FDH  PAINT  FDN 

719  TA  P  4  1  1  3  3 

BULLETIN  BOARD  AND  FIRST  AID  BOX  FDN  FINAL  PAINT  FDN 

720  TA  7  1  0  0  2  2 

BULLETIN  FOARD  AND  FIRST  AID  BOX  FDH  PROCURE  BULLETIN  BOARD 

721  TA  Z  1  0  0  2  2 

BULLETIN  BOARD  AND  FIRST  AID  BOX  FDH  PROCURE  FIRST  AID  BOX 

722  TA  Z  6  0  0  0  0 

BULLETIN  BOARD  AND  FIRST  AID  BOX  FDN  INSTALL  BOARD  l  BOX 

723  TA  H  1  0  0  3  1 

FUEL  PURIFIER  WORKBENCH  CUT  PCS  63  I  99 

724  TA  Z  2  0  0  1  0 

FUEL  PURIFIER  WORKBENCH  DRILL  HOLES 

725  TA  Z  1  0  0  2  1 

FUa  PURIFIER  WORKBENCH  PROCURE  HARDWARE 

726  TA  K  5  0  0  3  2 

FUa  PURIFIER  WORKBENCH  INST  FDN  PCS 


MACHINIST  WORKBENCH  INSTALL  WORKBENCH 

738  TA  P  3  2  1  0  2 

MACHINIST  WORKBENCH  PAINT  FDN 

739  TA  H  1  0  0  3  1 

GTRB-FIXTURE  LIFT  BAR  INLET  STWG  CUT  PCS 

740  TA  H  1  0  0  3  2 

GTRB-FIXTURE  LIFT  BAR  INLET  STWG  BEND  PCS 

741  Th  2  2  0  0  1  0 

GTRB-FIXTURE  LIFT  BAR  INLET  STWC  DRILL  HOLES 

742  TA  P  2  0  2  0  2 

GTRB-FIXTURE  LIFT  BAR  INLET  STUG  PRIHE  PCS 

743  TA  H  4  0  0  1  1 

GTRE8-FIXTUKE  LIFT  BAR  INLET  STWG  INST  STWGS 

744  TA  P  2  2  1  2  0 

GTRB-FIXTURE  LIFT  BARIHLET  STWG  PREP  STUGS 

745  TA  P  3  2  1  2  2 

GTRB-FIXTURE  LIFT  BAR  INLET  STWG  PAINT  STUGS 

746  TA  Z  1  0  0  2  2 

GTRB-FIXTURE  LIFT  BAR  INLET  STWG  PROCURE  LIFT  BARS 

747  TA  Z  6  0  0  0  2 

GTRB-FIXTURE  LIFT  BAR  INLET  STWG  INSTALL  LIFT  BARS 

743  TA  Z  1  0  0  2  1 

GTRB-FIXTURE  LIFT  BAR  DIET  STUG  PROCURE  HARDWARE 

749  TA  H  1  0  0  3  1 

HN  RDGR  SPCL  TOOLS  STUG  CUT  PCS 

750  TA  H  3  0  0  0  0 

HN  RDGR  SPCL  TOOLS  STWG  ASSM  S?JG 


751  TA 
MM  RDGR  SPCL  TOOLS  STWG  PRIME  STWG 

752  TA 
HN  RDGR  SPC  TOOLS  STUG  INST  HEADERS 

753  TA 
m  RDGR  SPCL  TOOLS  STWG  INST  S?JG 


p  2  o  2  2  2 
H  4  0  0  1  2 
H  4  0  0  1  1 


MN  RDGR  SPCL  TOOLS  STWG  PROCURE  STRAPS 

755  TA  Z  1  0  0  2  2 
MN  RDGR  SPCL  TOOLS  STWG  PROCURE  TOOL  BOXES 

756  TA  Z  6  0  0  0  2 

MN  RDGR  SPCL  TOOLS  STWG  INSTALL  TOOL  BOXES  AND  STRAPS 

757  TA  P  3  2  1  0  0 

MN  RDGR  SPCL  TOOLS  STUG  PREP  HDRS 

758  TA  P  3  2  1  0  2 

MN  RDGR  SPCL  TOOLS  STWG  PAINT  HEADERS 

759  TA  P  3  2  1  1  0 

MN  RDGR  SPCL  TOOLS  STWG  PREP  STWG 

760  TA  P  3  2  1  1  2 

MN  RDGR  SPCL  TOOLS  STWG  PAINT  STUG 

761  TA  P  4  5  1  3  3 

MN  RDGR  SPCL  TCGLS  STWG  FINAL  PAINT  STUG 

023  TA  H  1  0  0  2  1 

FR  220  l  223  SHai  WEB  PLT  CUT 

762  TA  h  1  0  0  3  1 

GTRB  EHER  MNL  CONT  CABLE  RACK  CUT  PCS 

763  TA  H  1  0  0  3  2 

GTRB  EHER  MNL  CONT  CABLE  RACK  BEND  PCS  53  l  55 

764  TA  H  3  0  0  1  0 

GTRB  EHER  MNL  CONT  CABLE  RACK  ASS  PCS  53.  54  1  57 

765  TA-  —  P:2-  0-  2  3~2  - 
GTRB  EHER  MNL  CONT  CABLE  RACK  PRIHE  PCS 

766  TA  H  4  0  0  I  2 

GTRB  EHER  HNL  CONT  CABLE  RACK  INST  RACIK 

767  TA  P  3  2  0  0  0 

GTRB  EHER  HNL  CONT  CABLE  RACK  PREP  RACK 

768  TA  P  3  2  0  0  2 

GTRB  EHER  MNL  CONT  CABLE  RAD;  PAINT  RACK 

770  TA  Z  6  0  0  0  3 

GTRB  EHER  HNL  CONT  CABLE  RACK  INST  CAPLE 

769  TA  Z  1  0  0  2  2 

GTRB  EHER  HNL  CONT  CABLERACK  PROCURE  LASHING 

771  TA  Z  1  0  0  0  1 

ACOUSTIC  INSUL  l  SHEATHING  AMR  2  CUT  INSUL 

772  TA  Z  4  0  0  0  0 

ACOUSTIC  INSUL  AND  SHTHIN.G  AHR  2  INST  INSUL 

773  TA  Z  5  2  0  I  2 

ACOUSTIC  INSUL  l  SHTHINC  AMR  2  INST  INSUL  AT  ERECT  JOINTS 


r*  i  n 
/ 


774  TA  H  1  0  0  1  1 

ACOUSTIC  IHStiL  X  SHTHING  AKR  2  CUT  SHTHIHG 

775  TA  H  1  0  0  1  2 

ACOUSTIC  IHSUl  X  SHTHINC  AHR  2  BEND  SHTHG 

776  TA  H  5  0  0  3  2 

arnnsTTr  TNSin  t  PirnjTNi:  amp  7  thst  8HTmur. 

777" .  "’TA  P  4  5  0  3  3 

ACOUSTIC  IHSUL  *  SHTHING  AHR  2  rNAIHT  IHSUL  SHTHING 
778  TA  H  1  0  0  0  1 

scnn  nin  m  thni  t  fkhg  nirr  prs 
77?  ’  T A  H  I  0  0  0  2 

! 2 )  SSDG  EKCL  UK  CHHL  XFRKG  (LWR)  BEND  PCS 
730  TA  H  5  0  0  3  I 

m  SSDG  EHCl  ok  CHHL  X  FKHG  (LUR)  ASSH/IHST  DK  PC'J 

781  TA  P  2  0  2  0  2 

(2)  SSDG  EHCL  0K  CHHL  XFRKG  (LWR)  PRIKE  PCS 

782  _  „  TA  P  3  2  1  7  0 

(2)  SSDG  EHCL  DK  CHHL  sFRKG  ( LwR >  PREP/BK  CHANHEL 

793  TA  P  3  2  1  7  3 

(2)  SSDG  EHCL  DK  CHHL  7  FRHG  (LUR)  PAIHT/DK  CHANNEL 
7B4  TA  P  4  5  1  3  3 

/*i\  nnnf*  nvrM  m/  t  rfwr*  /i  nm  pvtui  phahhpi 

i—'  qqmU  zj tlu  ui\  unit  *  riuut  imzw  ririhu  rfuni/L'K  tnwnntL 

785  TA  Z  1  0  0  2  1 

t2)  SSDG  EHCL  DK  CHHL  SFRKG  (LUR)  PROCURE  HARDWARE 

786  TA  H  4  0  0  0  2 

ecr>r  mr!  m*  ruin  ♦  cpur  /i  «jc*i  accu/tupt  mum  r>rn 

v.jvu  vii  vur.L  a  rraiu  \b<in/  n^i/inji  uvnu  r  L.3 

797  TA  P  3  2  1  3  0 

(2)  SSDG  EHCl  DK  CHHL  X  FKHG  (LUR)  PREP/OVHD  PCS 
7e9  TA  P  3  2  1  3  3 

fn\  ccflr  C^ri  m?  ruwi  tcowr  n  uo%  OTiir/niiun  t>rc 

wl.-w  *11  WIMIU  4i  IU(U  \UHIW  I  lillf  UVI1V  I  WU 

78?  TA  H  5  0  0  3  2 

(2'  SSDG  EHCL  DK  CHHL  X  FKHG  (LUR)  IHST  "H"  BEAK 

7?0  _  TA  H  1  0  0  0  1 

(2)  SSDG  EKCL  DK  CHHL  SFkHG  (LWK)  CUT  PCS 
7?t  TA  H  1  0  0  0  2 

/* niw  Air  rmn  9  r»wp  f*  lifii  nrv; 

\l)  ZiOvo  iJn-w  vr\  uhu^. - j-rAi.lj  IlW.M  ocm/  rcO* 

792  TA  H  5  0  0  3  1 

(2)  SSIDG  EHCL  DK  CHHL  SFRKG  (LWR)  ASSM/IHST  DK  PCS 

793  TA  P  2  0  2  0  2 

(2)  SSDG  EHCL  DK  CHHL  t  FRMG  (LUR)  PRIME  PCS 

7?4  TA  P  3  2  1  7  0 

(2)  SSDG  EHCL  DK  CHHL  X  FRMG  (LWR)  PREF/DK  CHANNEL 

795  TA  P  3  2  1  7  3 

(2)  SSDG  EHCL  DK  CHHL  t  FRKG  (LWR)  PAINT/DECK  CHANHEL 

796  TA  P  4  5  1  3  3 

(2)  SSDG  EHCL  DK  CHHL  S  FRKG  (LWR)  FINAL  PAIHT/DK  CHANNEL 

797  TA  l  1  0  0  2  1 

(2)  SSDG  EHCL  DK  CHHL  X  FRKG  (LUR)  PROCURE  HARDWARE 

/9B  TA  M  i  A  n  ft  7 

(2)  SSDG  EHCL  DK  CHHL  X  FRKG  (LWR)  ASSH’/iNSfGVHD  PCS 

799  TA  P  3  2  1  3  0 

(2)  SSDG  EHCL  DK  CHHL  X  FRMG  (LWR)  PREP/OVHD  PCS 

800  TA  P  3  2  1  3  3 

(2)  SSDG  EHCL  DK  CHHL  X  FRKG  (LUR)  PAINT/QVHD  PCS 

801  TA  H  5  0  0  3  2 

(2)  SSDG  ENCL  DK  CHHL  X  FRKG  (LWR)  INST  "H"  BEAM 

802  TA  H  1  0  0  0  l 

(2)  SSDG  EHCL  DK  CHHL  X  FRMG  (UPPER)  CUT  PCS 

803  TA  H  1  0  0  0  2 

(2)  SSDG  ENCL  DK  CHHL  X  FRKG  (UPPER)  BEND  PCS 

804  TA  H  4  0  0  0  1 

(2)  SSDG  ENCL  DK  CHHL  X  FRKG  (UPPER)  ASSK/INST  DK  PCS 

805  TA  P  2  0  2  0  2 

(2)  SSDG  ENCL  DK  CHHL  X  FRKG  (UPPER)  PRIKE  PCS 

fiftA  TA  P  3  2  1  3  0 

(2)  SSDG  ENCL  DK  CHHL  X  PRHG(UPPER)  PREP  /DK  CHANNEL 

807  TA  P  3  2  1  3  3 

(2)  SSDG  ENCL  DK  CHAHNa  X  FRKG  (UPPER)  PAINT/DK  CHvANNEL 

808  TA  Z  1  0  0  2  I  ' 

(2)  SSD’.G  ENCIL  DK  CHHL  X  FRKG  (UPPER)  PROCURE  HARDWARES 

809  TA  H  7  0  0  2  0 

(2)  SSDG  ENCL  DK  CHHL  X  FRKG  (UPPER)  INST/CURTAIN  FITS 

310  TA  H  7  0  0  2  0 

(2)  SSDG  ENCL  DK  CHHL  1  FRKG  (UPPER)  INST  "H"  BEAM 

811  TA  P  4  5  1  3  3 

(2)  SSDG  ENCL-DK  CHHL  X  FRMG  (UPPER)  FINAL  PAINT 

812  TA  H  1  0  0  3  1 


CLAY  CONTAINER  STVG  CUT  PCS 
813  TA  P  2  0  2  2  2 

CLAY  CONTAINER  STWG  PRIKE  PCS 

PI  4  TA  7  1  fl  fl  ?  9 

~  CLAY  CONTAINER  STWG  PROCURE  HARDWARE 
815  TA  H  7  0  0  2  0 

CLAY  CONTAINER  STWG  INST  FUN 
31£  TA  P  3  1  1  1  0 

CLAY  CONTAINER  STWG  PREP  FDDN 

817  TA  P  3  1  1  1  3 

CLAY  CONTAINER  STWG  PAINT  FDN 

818  TA  Z  6  0  0  0  0 

CLAY  CONTAINER  STWG  INST  CONTAINER 

319  ?A  P  4  5  1  1  3 

CLAY  CONTAINER  STWG  FINAL  PAINT 
820  -  -  TA  -  -H  1  0  0  3-4- 

PHONE  BOOTH  X  LOG  DESK  FDN  CUT  PCS 
321  TA  H  3  0  0  1  0 

PHONE  BC-OTH  X  LOG  DESK  FDN  ASSM  UPPER  PC  7  TO  FDN 


7i  n  n  7  7 


p  3  t  l  l  o 


P  3  1  1  1  3 
Z  6  0  0  0  0 
P  4  5  1  1  3 


8 22  TA  H  4  0  0  1  1 

PHONE  BOOTH  7  LOG  DESK  FDH  INST  BOTTOM  CLIPS 

823  TA  P  2  0  2  2  2 

PHONE  BOOTH  X  LOG  DESK  FDH  PRIKE  PCS 

824  TA  Z  i  0  0  2  1 

punur  tmnTu  t  t  nr  ncet'  cnu  Deprive  UApnuiO? 

i  wUUIli  A  LUU  WWtJll  I  hniWHUt^ 

325  TA  H  4  0  0  1  2 

FHCHE  BOOTH  X  LOG  DESK  FDN  INST  UPPER  CLIP 

326  TA  P  4  1  1  3  3 

phpmf  RnnTH  t  j  nc  nrcif  nw  final  paint  fdm 

327  TA  P  4  5  1  3  3 

PHONE  BOOTH  X  LOG  DESK  FDN  PAINT  CLIPS 

829  TA  H  7  0  0  2  0 

PHONE  BOOTH  t  LOG  DESK  FDN  INST  FDN 
SO?  TA  I  1  0  0  1  2 

PHONE  BOOTH  X  LOG  DESK  FDN  PROCURE  PHONE  BOOTH.  ETC 

330  _  w  _  JA  r  n  l  5J^0  2^2^ 

PHONE  BOOTH  I  LOG  DESK  FDH  INSTALL  PHGHE  BOOTH,  ETC. 

831  TA  H  1  0  0  3  1 

MISC  STRL  CLOSE  PITS  -LWR  LVL  CUT  ANGLE 

832  TA  H  1  0  0  2  1 

uti*n  (wni  r% i  nrr  m  I  Irfi  i  itl  f** rr  w  T 

fU5-  si!\L  Uu'JOL  r Lio~L-a  i_vi_  lui  rti 

833  TA  P  2  0  2  2  2 

HISC  STRL  CLOSE  PLTS  -LWR  LVL  PRIKE  PCS 

834  TA  H  5  0  0  3  2 

urer  ptm  n  ner  01  tp_i  ub  i  nt  tuct  c»rc 

I113U  OlfU_  k-Vl_  ilWI  •  M 

825  TA  P  3  2  1  5  0 

-  MISC  STRL  CLOSE  PLTS  -LUR  LVL  PREP  PCS 

836  TA  P  3  2  1  5  3 

MISC  STRL  CLOSE  PLTS  -LWR  LVL  PAINT  PCS 

827 . TA  P  4  5  1  3  3 

HISC  STRL  CLOSE  PLTS  -LWR  LVL  FINAL  PAINT  PCS 

sm  ta  m  ft  i)  ft  i 

(2)  SSDG  ENCL  DK  CHHL  X  FRKG  (UPPER)  CUT  PCS 
83?  TA  H  1  0  0  0  2 

(2)  SSDG  EHCL  DK  CHHL  XPRKG  (UPPER)  BEND  PCS 
fldft  TA  H  4  0  0  0  1 

(2)  SSDG  EHCL  DK  CHHL  X  FRHG  (UPPER)  ASSK/IHST  DK  PCS 

341  TA  P  2  0  2  0  2 

(2)  SSDG  EHCL  DK  CHHL  XFRKG  (OFFER)  PRIKE  PCS 

845  TA  H  7  0  0  2  0 

(2)  SSDG  ENCL  DK  CHHL  X  FRHG  (UPPER)  INST/CURTAIN  PLTS 
844  TA  Z  1  0  0  2  1 

(2)  SSDG  EHCL  DK  CHHL  X  FRKG  (UPPER)  PROCURE  HARDWARE 
843  ^  P  3  2  1  3  3 

(2)  SSDG  ENCL  DK  CHHL  X  FRHG  (UPPER)  FAIN7/DK  CHANNEL 

342  TA  P  3  2  1  3  0 

(2)  SSDG  ENCL  DK  CHANNEL  X  FRKG  (UPPER)  PREP/DK  CKANHNEL 
B4A  TA  H  7  0  0  2  0 

(2)  SSDG  EKCL  DK  CKNL  X  FRKG  (UPFER)  IKST  "H1*  BEAKS 
847  TA  P  4  5  1  3  3 

(2)  SSDG  EKCL  DK  CHNL  X  FRKG  (UPPER)  FINAL  PAINT 
849  TA  H  1  0  0  2  1 

MISC  STRL  CLOSE  PLTS  -UP  LVL  P/S  CUT  PLTS 
349  TA  H  1  0  0  3  1 

MISC  STRL  CLOSE  PLTS  -UP  LVL  P/S  CUT  SHAFES 
fisn  TA  P  2  o  1  0  2 

MISC  STRL  CLOSE  PLTS-UP  LVL  PS  PRIME  HAT’L 
851  TA  H  7  0  0  2  0 

MISC  STRL  CLOSE  PLTS  -UP  LVL  P/S  IHST  PCS 

TA  P  3  1  5  2  0 

MISC  STRL  CLOSE  PLTS  -UP  LVL  P/S-PREP  PCS 
953  TA  P  3  1  5  3  3 

MISC  STRL  CLOSE  PLTS  -UP  LVL  P/S  PAINT  PCS 

P84  TA  P  4  5  3  3 

”  MISC  STRL  CLOSE  PLTS  -UP  LVL  PS-  FINAL  PAINT 


(13)  DRIP  PANS  CUT  PLATE 

£ 

(13)  DRIP  PANS  BEND  PLT 

7 

(13)  DRIP  PAHS  WELD  JOINTS 

8 

(13)  DRIP  PANS  ASSK  PADS 
9 

(13)  DRIP  PANS  DRILL  PADS 

0 

(13)  DKIF  FANS  INST  FANS 

1 

(13)  DRIP  PANS  PRIKE  PANS 


(13)  DRIP  PANS  PAINT  PANS 


H  1  0  0  2  1 
H  1  0  0  2  2 
H  2  0  0  0  0 
H  3  0  0  1  0 
Z  4  0  2  1  2 
Z  4  0  2  1  2 
P  2  0  2  2  2 


H  1  0  0  2  1 


SSDG  DSECCNDARY  FUEL  FILTER  ENCL  (2)  CUT  PLTS 

864  TA  H  1  0  0  3  1 
SSDG  SECONDARY  FUEL  FILTER  EHCL  (2)  CUT  SHAPES 

865  TA  H  1  0  0  2  2 

SSDG  SECONDARY  FUa  FILTER  EHCL  (2)  BEND  PLTS 

866  TA  2  10  0  10 

SSDG  SECONDARY  FUEL  FILTER  ENCL  (2)  PROCURE  HTG  X  SHIELD 
967  TA  Z  1  0  0  2  1 

SSDG  SECONDARY  FUEL  FILTER  EKCL  (2)  PROCURE  HARDWARE 
863  TA  Z  2  0  1  1  0 

SSDG  SECONDARY  FUEL  FILTER  EKCL  (2)  ASSME3LE  ENCLOSURES 
869  TA  P  2  0  1  1  0 

SSDG  SECONDARY  FUEL  FILTER  EHCL  (2)  PREP  EHCL 


C-18 


370  TA  P  2  0  1  1  2 

SSDG  SECONDARY  FUa  FILTER  ENCL  (2)  PAIHT  ENCL 
871  TA  Z  5  2  2  0  1 

SSDG  SECONDARY  FUa  FILTER  ENCl  (2)  INSTALL  ENCLOSURES 
372  TA  P  3  1  1  2  1 

SSDG  SECONDARY  FUEL  FILTER  ENCl  (2)  CLEAN  ENCl 
873  TA  P  3  1  1  2  2 

SSDG  SECONDARY  FUEL  FILTER  ENCL  (2)  PAINT  ENCL 
374  TA  P  4  5  1  3  3 

SSDG  SECONDARY  FUEL  FILTER  ENCl  (2)  FINAL  PAINT  ENCLOSURE 

875  TA  2-1  0  0  2  0 

(4)  STRAINER  BOXES  PROCURE  PLATE 

876  TA  H  i  0  0  2  1 

(4)  STRAINER  BOXES  CUT  PLATE 

S77  TA  H  1  0  0  2  2 

(4)  STRAINER  BOXES  BEND  FLANGES 


873  TA  Z  1  0  0  2  1 

(4)  STRAINER  BOXES  PROCURE  HARDWARE 
379  TA  H  3  0  0  1  0 

<4)  STRAINER  BOXES  ASSN  EXTENSION  TO  BOX  TO? 

S8Q  TA  H  5  0  0  3  0 

(4)  STRAINER  BOXES  INST  STRAINER  BOXES 
831  TA  P  2  0  1  0  0 

M)  STRAINER  BOXES  PREP  BOXES 
382  TA  P  2  0  1  0  2 

(4)  STRAINER  BOXES  PAINT  BOXES 
883  TA  P  2  1  1  2  1 

(4)  STRAINER  BOXES  CLEAN  AFTER  INST 

834  TA  P  2  1  1  2  2 

(4)  STRAINER  BOXES  PAINT  AFTER  INST 

835  TA  P  4  5  1  1  3 

(4)  STRAINER  BOXES  FINAL  PAINT  BOXES 

986  TA  H  1  0  0  2  1 

HISC  STRl  CLOSE  PITS  -UP  LVL  P/S  CUT  PLTS 
387  TA  H  1  0  0  3  1 

MISC  STRL  CLOSE  PLTS  -UP  LV  P/S  CUT  SHAPES 
883  TA  P  2  0  1  0  2 

MISC  STRL  CLOSE  FITS  -UP  LVL  P/S  PRIME  HAT'L 
88?  TA  H  7  0  0  2  0 

MISC  STRL  CLOSE  PLTS  -UP  LV  P/S  IKST  PCS 

890  TA  P  3  1  5  2  0 

MISC  STRL  CLOSE  PLTS  -UP  LVL  P/S  PREP  PCS 
001  TA  P  3  1  5  3  3 

"■‘HISC  STRL  CLOSE  PLTS  -UP  LVL  P/S  FAINT  PCS 
892  TA  P  4  5  5  3  3 

MISC  STF1  CLOSE  PLTS  -U?  LV  P/S  FINAL  PAIHT 


P  2  0  1  0  2 
P  2  1  1  2  1 

p  2  1  1  2  2 

P  4  5  1  1  3 


(13  DRIP  PANS  CUT  PLT 


(12)  DRIP  PANS  BEND  PLT 
(13)  DRIP  PAHS  ItUD  JOINTS 


(13)  DRIP  PANS  HELD  JOINTS 

6 

(13)  DRIP  PANS  ASSH  PADS 

7 

(13)  DRIP  PAHS  DRILL  PADS 

8 

(1C3)  DRIP  PANS  INST  PANS 
9 

(13)  DRIP  PANS  PRIME  PANS 

0 

(13)  DRIP  PANS  PAIHT  PANS 


H  1  0  0  2  1 

H  1  0  0  2  2 
H  2  0  0  0  0 
H  2  0  0  0  0 
H  3  0  0  1  0 
Z  4  0  2  1  2 
Z  4  0  2  1  2 
p  2  0  2  2  2 
P  4  5  1  3  3 

H  1  0  0  2  1 


SSDG  SECONDARY  FUa  FILTER  ENCL  (2)  CUT  PLTS 

902  TA  H  1  0  0  3  1 
SSDG  SECONDARY  FUa  FILTER  ENCl  (2)  CUT  SHAPES 

903  TA  H  1  0  0  2  2 

SSDG  SECONDARY  FUEL  FILTER  ENCL  (2)  BEND  PLTS 

904  TA  Z  1  0  0  1  0 

SSDG  SECONDARY  FUEL  FILTER  ENCL  (2)  PROCURE  HTG  l  SHIELD 

905  TA  Z  1  0  0  2  1 

SSDG  SECONDARY  FUEL  FILTER  ENCL  (2)  PROCURE  HARDARE 

906  TA  Z  2  0  1  1  0 

SSDG  SECONDARY  FUEL  FILTER  END.  (2)  ASSEMBLE  ENCLOSURES 

907  TA  P  2  0  1  1  0 

SSDG  SECONDARY  FUEL  FILTER  ENCL  (2)  PREP  ENCL 

908  TA  P  2  0  1  1  2 

SSDG  SECONDARY  FUa  FILTER  ENCL  (2)  PAINT  ENCL 

909  TA  Z  5  2  2  0  1 

SSDG  SECONDARY  FUa  FILTER  ENCL  (2)  INSTALL  ENCLOSURES 

910  TA  P  3  1  1  2  1 

SSDG  SECONDARY  FUa  FILTER  ENCl  (2)  CLEAN  ENCL 

911  TA  P  3  1  1  2  2 

SSDG  SECONDARY  FUa  FILTER  ENCL  (2)  PAINT  ENCl 

912  TA  P  4  5  1  3  3 

SSDG  SECONDARY  FUa  FILTER  ENCL  (2)  FINAL  FAINT  ENCL 

913  TA  Z  1  0  0  2  0 

(4)  STRAINER  BOXES  PROCURE  PLATE 

914  TA  H  1  0  0  2  1 

(4)  STRAINER  BOXES  CUT  PLATE 

915  TA  H  1  0  0  2  2 

(4)  STRAINER  BOXES  BEND  RANGES 

916  TA  Z  1  0  0  2  1 

(4)  STRAINER  BOXES  PROCURE  HARDWARE 


917  TA  H  3  0  0  1  0 

(4)  STRAINER  BOXES  ASSK  EXTENSION  TO  FOX  TOP 

913  TA  H  5  0  0  3  0 

(4)  STRAINER  BOXES  INST  STRAINER  BOXES 

919  TA  P  2  0  1  0  0 

(4)  STRAINER  BOXES  PREP  BOXES 

920  TA  P  2  0  1  0  2 

(4)  STRAINER  BOXES  PAINT  BOXES 

921  TA  P  2  1  1  2  1 

(4)  STRAINER  BOXES  CLEAN  AFTER  INST 

922  TA  P  2  1  1  2  2 

(4)  STRAINER  BOXES  PAIHT  AFTER  INST 

923  TA  P  4  5  1  1  3 

(4)  STRAINER  BOXES  FINAL  PAINT  BOXES 

H  1  0  0  2  1 


(13)  DRIP  PANS  CUT  PLT 


925 

TA 

H  1  0  0  2  2 

(1C3)  DRIP  PANS  BEND  PLT 

926 

TA 

H  2  0  0  0  0 

(13)  DRIGP  PANS  lELD  JOINTS 

927 

TA 

H  3  0  0  1  0 

(13)  DRIP  PANS  ASSH  PADS 

928 

TA 

Z  4  0  2  1  2 

(13)  DRIP  PANS  DRia  FADS 

929 

TA 

Z  4  0  2  1  2 

(13)  DRIP  PANS  INST  FANS 

9°0 

U  (13)  DRIP  PANS  PRIME  PAHS 

931 

TA 

?  2  0  2  2  2 

TA 

P  4  5  1  3  3 

(13)  DRIP  PANS  PAINT  PAHS 

932 

TA 

Z  1  0  0  2  0 

(4)  STRAINER  BOXES  PROCURE  PLATE 

933 

TA 

H  1  0  0  2  1 

(4)  STRAINER  BOXES  CUT  PLATE 

934 

TA 

H  1  0  0  2  2 

(4)  STRAINER  BOXES  BEND  FLANGES 
935 

TA 

Z  1  0  0  2  1 

(4)  STRAINER  BOXES  PROCURE  HARDWARE 

936 

TA 

H  3  0  0  1  0 

(4)  STRAINER  BOXES  ASSH  EXTENSION  TO  BOX  TOP 

937 

TA 

H  5  0  0  3  0 

(4)  STRAINER  BOXES  INST  STRAINER  BOXES 

933 

TA 

P  2  0  1  0  0 

(4)  STRAINER  BOXES  PREP  BOXES 
939 

TA 

P  2  0  1  0  2 

(4)  STRAINER  BOXES  PAINT  BOXES 
940 

TA 

P  2  1  1  2  1 

(4)  STRAINER  BOXES  CLEAN  AFTER  I^ST 

941 

TA 

P  2  1  1  2  2 

(4)  STRAINER  BOXES  PAINT  AFTER  INST 

942 

TA 

P  4  5  1  1  3 

(4)  STRAINER  BOXES  FINAL  PAINT 

BOXES 

943 

TA 

H  1  0  0  2  1 

(13)  DRIP  PANS  CUT  PLT 

944 

TA 

H  1  0  0  2  2 

(13)  DRIP  PAHS  BEND  PLT 

945 

TA 

H  2  0  0  0  0 

(13)  DRIP  PANS  HELD  JOINTS 

946 

TA 

H  3  0  0  1  0 

(13)  DRIP  PANS  ASSH  PADS 

947 

TA 

Z  4  0  2  1  2 

(13)  DRIP  PANS  DRia  PADS 

948 

TA 

Z  4  0  2  1  2 

(13)  DRIP  PANS  INST  PANS 

949 

TA 

P  2  0  2  2  2 

(13)  DRIP  PANS  PRIHE  PANS 

950 

TA 

P  4  5  1  3  3 

(13)  DRIP  PANS  PAIHT  PANS 

951 

TA 

Z  1  0  0  2  0 

(4)  STRAINER  BOXES  PROCURE  PLATE 

952 

TA 

H  1  0  0  2  1 

(4)  STRAINER  BOXES  CUT  PLATE 
953 

TA 

H  1  0  0  2  2 

(4)  STRAINER  BOXES  BEND  FLANGES 

954  TA  Z  1  0 

(4)  STRAINER  BOXES  PROCURE  HARDWARE 

955  TA  H  3  0 

(4)  STRAINER  BOXES  ASSH  EXTENSION  TO  BOX  TOP 

956  TA  H  5  0 

(4)  STRAINER  BOXES  INST  STRAINER  BOXES 


(4)  STRAINER  BOXES  PREP  BOXES 

958  TA 
(4)  STRAINER  BOXES  PAINT  BOXES 

959  TA 
(4)  STRAINER  BOXES  CLEAN  AFTER  INST 

960  TA 
(4)  STRAINER  BOXES  PAIHT  AFTER  INST 

961  TA 
(4)  STRAINER  BOXES  FINAL  PAIHT  BOXES 

962  TA 
(13)  DRIP  PANS  DJI  plate 

963  TA 
(13)  DRIP  PANS  BEND  PLT 

964  TA 
(13)  DRIP  PAHS  WaD  JOINTS 


P  2  0  1  0  0 
P  2  0  1  0  2 
P  2  1  1  2  1 
P  2  1  1  2  2 
P  4  5  1  1  3 
H  1  0  0  2  1 
H  1  0  0  2  2 
H  2  0  0  0  0 
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965 

(13) 

DRIP  PANS  ASSH  PADS 

TA 

H  3  0  0  1  0 

966 

(13) 

DRIP  PANS  DRILL  PADS 

TA 

Z  4  0  2  1  2 

967 

(13) 

DRIP  PANS  INST  PANS 

TA 

Z  4  0  2  1  2 

968 

(13) 

DRIP  PANS  PRIME  PANS 

TA 

P  2  0  2  2  2 

969 

(13) 

DRIP  PANS  PAINT  PANS 

TA 

P  4  5  1  3  3 

970 

(13) 

DRIP  PANS  CUT  PLT 

TA 

H  1  0  0  2  1 

971 

(13) 

DRIP  PANS  BEND  P\LT 

TA 

H  1  0  0  2  2 

972 

(13) 

DRIP  PANS  SIELD  JOINTS 

TA 

H  2  0  0  0  0 

973 

(13) 

DRIP  PANS  ASSH  PADS 

TA 

H  3  0  0  1  0 

974 

(13) 

DRIP  PANS  DRILL  PADS 

TA 

Z  4  0  2  1  2 

975 

(13) 

DRIP  AFNS  INST  PANS 

TA 

Z  4  0  2  1  2 

976 

(13) 

DRIP  PANS  PRIME  PANS 

TA 

P  2  0  2  2  2 

977 

(13) 

DRIP  PANS  PAINT  PANS 

TA 

P  4  5  1  3  3 

978 

(13) 

DRIP  PANS  CUT  PLT 

TA 

H  1  0  0  2  i 

979 

(13) 

DRIP  PANS  BEND  PLT 

TA 

H  1  0  0  2  2 

980 

(13) 

DRIP  PANS  WELD  JOINTS 

TA 

H  2  0  0  0  0 

981 

(13) 

DRIP  PANS  ASSH  PADS 

TA 

H  3  0  0  1  0 

982 

(13) 

DRIP  PANSDRILL  PADS 

TA 

Z  4  0  2  1  2 

983 

(13) 

DRIP  PANS  INST  PAHS 

TA 

Z  4  0  2  1  2 

984 

(13) 

DRIP  PANS  PRIHE  PANS 

TA 

P  2  0  2  2  2  - 

985 

(13) 

DRIP  PANS  PAINT  PANS 

TA 

P  4  5  1  3  3 

986 

(13) 

DRIP  PANS  CUT  PIT 

TA 

H  1  0  0  2  1 

937 

(13) 

DRIP  PANS  BEND  PIT 

TA 

H  1  0  0  2  2 

988 

(13) 

DRIP  PANS  WELD  JOINTS 

TA 

H  2  0  0  0  0 

9S9 

(13) 

DRIP  PAHS  ASSH  PADS 

TA 

H  3  0  0  1  0 

990 

(13) 

DRIP  PANS  DRILL  PADS 

TA 

Z  4  0  2  1  2 

991 

(13) 

DRIP  PANS  IHST  PAHS 

TA 

Z  4  0  2  1  2 

90*3 

“(13) 

DRIP  PAHS  PRIHE  PAHS 

TA 

P  2  0  2  2  2 

993 

(13) 

DRIP  PAHS  PAIHT  PAHS 

TA 

P  4  5  1  3  3 

994 

(13) 

DRIP  PAHS  CUT  PLT 

TA 

H  1  0  0  2  1 

995 

(13) 

DRIP  PAHS  BEND  PLT 

TA 

H  1  0  0  2  2 

996 

(13) 

DRIP  PAHS  HELD  JOINTS 

TA 

H  2  0  0  0  0 

997 

(13) 

DRIP  PANS  ASSH  PADS 

TA 

H  3  0  0  1  0 

998 

(135 

DRIP  PANS  DRILL  PADS 

TA 

1  4  0  2  1  2 

999 

(13) 

DRIP  PAHS  INST  PAHS 

TA 

Z  4  0  2  1  2 

1C00 

(13) 

DRIP  PAHS  PRIHE  PASS 

TA 

P  2  0  2  2  2 

1001 

(13) 

DRIP  PAHS  PAIHT  PANS 

TA 

P  4  5  1  3  3 

1002 

(13) 

DRIP  FANS  CUT  PLT 

TA 

H  1  0  0  2  1 

1003 

(13) 

DRIP  PANS  BEND  PLT 

TA 

H  1  0  0  2  2 

1004 

(13) 

DRIP  PAHS  WELD  JOINTS 

TA 

H  2  0  0  0  0 

1005 

(13) 

DRIP  PAHS  ASSH  PADS 

TA 

H  3  0  0  1  0 

1006 

(13) 

DRIP  PAHS  DRILL  PADS 

TA 

Z  4  0  2  1  2 

1007 

(13) 

DRIP  PAHS  INST  PAHS 

TA 

Z  4  0  2  1  2 

1008 

(13) 

DRIP  PAHS  PRIHE  PANS 

TA 

P  2  0  2  2  2 

1009 

(13) 

DRIP  PANS  PAINT  PANS 

TA 

P  4  5  1  3  3 

1010 

(13) 

DRIP  PAHS  CUT  PLT 

TA 

H  1  0  0  2  1 

1011 

(13) 

DRIP  PANS  BEND  PLT 

TA 

H  1  0  0  2  2 

1012 

(13) 

DRIP  PANS  WaD  JOINTS 

TA 

H  2-0  0  0  0 

1013 

TA 

H  3 

0 

0  1  0 

(13) 

DRIP  PAHS  ASSH  PADS 

1014 

TA 

Z  4 

0 

2  1  2 

(13) 

DRIP  PAHS  DRILL  PADS 

1015 

TA 

Z  4 

0 

2  1  2 

(13) 

DRILL  PANS  INST  FANS 

1016 

TA 

P  2 

0 

2  2  2 

(13) 

DRIP  PANS  PRIME  PAHS 

1017 

TA 

P  4 

5 

1  3  3 

(13) 

DRIP  PAHS  PAINT  PANS 

1013 

TA 

H  1 

0 

0  2  1 

(13) 

DRIP  PANS  CUT  PLT 

1019 

TA 

H  1 

0 

0  2  2 

'13) 

DRIP  PANS  BEND  PLT 

1020 

TA 

H  2 

0 

0  0  0 

(13) 

DRIP  PANS  UELD  JOINTS 

1021 

TA 

H  3 

0 

0  i  0 

(13) 

DRIP  PANS  ASSM  PADS 

1022 

TA 

Z  4 

0 

2  12 

(13) 

DRIP  PANS  DRILL  PADS 

1023 

TA 

Z  4 

0 

2  12 

(13) 

DRIP  PANS  INST  PANS 

1024 

TA 

P  2 

0 

2  2  2 

(13) 

DRIP  PANS  PRIME  PANS 

1025 

TA 

P  4 

5 

1  3  3 

(13) 

DRIP  PANS  PAINT  PANS 

1G26 

TA 

H  1 

G 

0  2  1 

(13) 

DRIP  PANS  CUT  PLT 

1027 

TA 

H  1 

0 

0  2  2 

(13) 

DRIP  PANS  BEHD  PLT 

1028 

TA 

H  2 

0 

0  0  0 

(13) 

DRIP  PANS  UELD  JOINTS 

1029 

TA 

H  3 

0 

0  1  0 

(13) 

DRIP  PANS  ASSM  PADS 

1030 

TA 

Z  4 

0 

2  12 

(13) 

DRIP  FA?1S  DRILL  FADS 

1031 

TA 

Z  4 

0 

2  12 

(13) 

DRIP  PANS  INST  PANS 

1032 

TA 

P  2 

0 

n  n  n 

(13) 

DRIP  PANS  PRIHE  PAHS 

1033 

TA 

P  4 

5 

i  3  3 

(13) 

DRIP  PANS  PAINT  PANS 

1034 

TA 

Z  1 

0 

0  1  2 

EEBD 

TRIPLE  RACK  STWG  PROCURE  LCCKER 

1035 

TA 

Z  1 

0 

0  2  2 

EEBD 

TRIPLE  RACK  STUG  PROCURE  HARDWARE 

1036 

TA 

Z  5 

2 

3  1  0 

EEBD 

TRIPLE  RACK  STWG  IHST  LKR 

1037 

TA 

P  4 

5 

1  3  1 

EEBD 

TRIFLE  RACK  STWG  CLEAN  LKR 

1033 

TA 

P  4 

5 

1  3  3 

EEBD 

TRIPLE  RACK  STWG  FAINT  LKR 

1039 

TA 

Z  1 

0 

0  2  0 

GIR3 

TGCL  BOX  STWG  IN  E.R.  PROCURE  HATER I AL 

- 

1040 

TA 

H  1  0 

0  2  1 

GTRB 

TOOL  BOX  STWG  IN  E.R.  CUT  PLT 

1041 

TA 

H  1  0 

0  2  2 

GTRB 

TOOL  BOX  STUG  IN  E.R.  BEND  PLT 

1042 

TA 

Z  1  0 

0  2  1 

GTRB 

TOOL  BOX  STWG  IN  E.R.  PROCURE  HARDUARE 

1043 

TA 

H  3 

0 

0  0  0 

GTRB 

TOOL  BOX  STWG  IN  E.R.  ASSM  BOX 

1044 

TA 

Z  1 

0 

0  1  1 

GTRB 

TOOL  BOX  STUG  IN  E.R.  PROCURE  STRAP 

1045 

TA 

Z  4 

0 

0  1  0 

GTRB 

TOOL  BOX  STUG  IN  E.R. INST  BOX 

1046 

TA 

P  2 

0 

2  0  0 

GTRB 

TOOL  BOX  STUG  IN  E.R.  PREP  BOX 

1047 

TA 

P  2 

0 

2  0  2 

GTRB 

TOOL  BQXSTWG  IN  E.R.  PAINT  BOX 

1048 

TA 

P  4 

5 

1  2  1 

GTRB 

TCOL  BOX  STUG  IN  E.R. CLEAN  STRAP  INST 

1049 

TA 

P  4 

5 

1  2  3 

GTRB 

TCOL  3CX  SPWG  IN  E.R.  PAINT  STUG 

1050 

TA 

Z  1 

0 

0  2  0 

cqnQ 

END-  PANaS  (PIS)  PROCURE  MATERIAL 

iosr 

TA 

H  1 

0 

0  2  1 

SSSG 

ENCL  PAHaS  (PSS3  CUT  PLT 

1052 

TA 

H  1 

0 

0  2  2 

3SBG 

ENCL  PANELS  (PIS)  BEND  PLT 

1053 

TA 

Z  1 

0 

0  2  1 

S5DG 

ENCL  PANELS  <PIS)  PROCURE  HARDWARE 

1054 

TA 

Z  2 

0 

0  1  0 

SSDG 

EMCL  PANaS  (PIS)  ASSM  PNLS 

1055 

TA 

P  2 

0 

1  0  0 

SSDG 

ENCL  PANELS  (PIS)  PREP  PNLS 

1056 

TA 

P  2 

0 

1  0  2 

SSDG 

ENCL  PAHaS  (PIS)  PAIHT  PNLS 

1057 

TA 

Z  4 

0 

0  0  0 

SSDG 

ENCL  PANELS  (PIS)  IHST  PHLS 

1053 

TA 

P  4 

5 

1  3  1 

SSSG 

ENCL  PANELS  (FIS)  CLEAN  ENCLS 

1059 

TA 

P  4 

5 

1  3  3 

SSDG 

ENCL  PANELS  (PIS)  PAINT  ENCLS 

1060 

TA 

H  1 

0 

0  3  1 

MACH 

WORK  BENCH  AMR  2  CUT  CUPS 
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1061  TA  Z  1  0  0  1  1 

MACH  WORK  EEHCH  AMR  2  PROCURE  HORK  BEHCH 

1062  TA  Z  4  0*2  1  2 

MACH  WORK  BEHCH  AMR  2  IHST  HORK  EEHCH 

1063  TA  P  3  2  1  0  1 

MACH  HORK  BEHCH  AMR  2  CLEAN  CLIPS 

1064  TA  P  3  2  1  0  3 

MACH  HORK  BEHCH  AMR  2  PAIHT  CLIFS 

1065  TA  Z  1  0  0  2  0 

SSBG  EHCl  PAHaS  (PSS)  PROCURE  MATERIAL 

1066  TA  H  1  0  0  2  1 

SSDG  EHCL  PAHttS  (PIS)  CUT  PLT 

1067  TA  H  1  0  0  2  2 

SSCG  EHCL  PAHaS  (PIS)  BEHO  FLT 

1068  -  TA  2  1  0  0  2  1 
SSEC  EHCL  PAHaS  (PSS)  PROCURE  HARDWARE 

1069  TA  Z  2  0  0  1  0 

SSDG  EHCL  PAHaS  (PSS)  ASSM  FHLS 

1070  TA  P  2  0  1  0  0 

SSDG  E)ICL  PAHELS  (PIS)  PEEP  PUS 

1071  TA  P  2  0  1  0  2 

SSDG  EHCL  PANELS  (PSS)  PAIHT  PHLS 

1072  TA  Z  4  0  0  0  0 

SSEG  EHCL  PAHELS  (PSS)  INST  PHLS 

1073  TA  P  4  5  1  3  1 

SSDG  EHCL  PAHELS  (PSS)  CLEAH  EHCLS 

1074  TA  P  4  5  1  3  3 

SSDG  EHCL  PAHELS  (PSS)  PAIHT  EHCLS 
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CODE  HISTOGRAM 


Below  is  the  code  histogram  generated  by  D-CLASS,  which 
displays  in  parenthesis  the  frequency  of  use  for  each 
attribute.  Unused  attributes  are  not  listed.  Subtree  "TB" 
refers  to  the  hull  block  construction  tree;  "TC"  to  the  zone 
outfitting  tree;  and,  "TD"  to  the  zone  painting  tree.  Subtree 
"TA"  refers  to  the  main  subtree  that  links  subtrees  "TB", 
"TC",  and  "TD"  together.  This  Histogram  is  based  upon  the 
1074  interim  products  listed  in  Appendix  C. 
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***  DISPLAY  OF  SUBTREE  "TA"  =  495  *** 

«*  HAT  A  BASE  STATISTICS  **» 

***  SUBTREE  LINIKS  TO  SUBTREES:  *** 

496  497  0  0  0  0  0 

0000000  000 
0  0  0  0  0 

1.  (560  )  HULL  BLOCK  CONSTRUCTION ->496 

2.  (  226  )  ZOHE  OUTFITTING  ->  497 

3.  ( 284  ZONE  PAINTING  ->  498 


***  DISPLAY  OF  SUBTREE  "TB"  =  496  *** 


***  DISPLAY  OF  SUBTREE  "TC"  =  497  *** 


«*  DATA  BASE  STATISTICS  *** 
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Introduction 
to  Comments  by 

Charles  Stark  Draper  Laboratory,  Inc. 


The  enclosed  comments,  prepared  by  the  Charles  Stark  Draper 
Laboratory,  Inc.,  were  commissioned  by  Todd  Seattle  as  a  part  of  its 
performance  of  the  project  Product  Work  Classification  and  Coding. 

They  discuss  the  approach  and  findings  of  this  project. 

As  the  project  reached  its  mid-point,  it  became  apparent  that  to 
produce  a  viable  classification  and  coding  system  within  the  alloted 
time  and  budget  parameters,  it  would  be  necessary  to  make  certain 
decisions  which  limited  its  scope  and  content .  At  the  time  those 
decisions  were  made,  Todd  Seattle  and  the  SP-4  Panel  members  agreed  to 
the  value  of  enlisting  a  consultant  to  evaluate  the  potential  effect 
these  decisions  might  have  on  the  long  term  utilization  of  Group 
Technology  by  the  shipbuilding  industry.  The  search  began  for  a 
consultant  which  possessed  a  broad  understanding  of  Group  Technology, 
and  an  acquaintance  with  the  goals  and  methods  of  modern  shipbuilding. 
The  Charles  Stark  Draper  Laboratory  was  chosen  as  that  consultant . 

Its  representatives,  Dr.  Whitney  and  Dr.  De  Fazio,  were  briefed  on  the 
methods  and  goals  of  the  project,  and  furnished  with  its  results  as 
they  became  available.  Their  comments,  presented  here,  contain  both 
endorsements  and  criticisms  of  the  project.  In  all  cases  they  reflect 

The  authors  of  the  manual  Product  Work  Classification  and  Codingt 
and  the  SP-4  Panel  feel  these  comments  form  a  valuable  addition  to  the 
project.  Some  of  the  differences  in  opinion  reflect  the  fact  that 
Draper  looked  beyond  the  immediate  confines  of  the  authors'  charter  in 
order  to  see  how  PWCC  might  be  extended  and  integrated  into  U . S . 
shipbuilding.  The  authors  understand  the  basis  for  these  differences 
and  generally  feel  that  Draper' s  commentary  provides  an  effective 
counterpoint  to  the  decisions  made  during  the  project  and,  in  the  long 
run,  will  lead  to  more  productive  utilization  of  Group  Technology. 
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COMMENTS  ON  "PRODUCT  WORK  CLASSIFICATION  AND  CODING" 


I .  Introduction 

This  report  is  a  comment  on  and  critique  of  "Product  Work 
Classification  and  Coding"  (PWCC) .  This  critique  was  commissioned  by 
the  author  of  PWCC  in  October,  1985  with  the  following  statement  of 
work: 

1.  Meet  directly  with  the  author  to  determine  the  scope  and  nature 
of  his  work  on  PWCC. 

2.  Comment  on  the  organization  and  scope  of  the  project. 

3.  Critique  the  project  in  terms  of  its  relevance  to  producibility . 

4.  Make  a  written  report. 

Originally  it  was  intended  that  Draper  take  an  active,  albeit  minor, 
role  in  writing  the  PWCC  handbook,  but  scheduling  difficulties  on  the 
part  of  the  author,  as  well  as  the  unavailability  of  results  of  a  test 
of  the  code  at  Todd  Los  Angeles,  prevented  this.  Instead,  Draper  is 
providing  this  critique  of  the  final  draft  of  the  PWCC  handbook  dated 
June  1986,  which  was  received  at  Draper  in  late  August,  1986. 

Our  report  is  organized  as  follows: 

Section  II:  Discussion  of  the  Original  Goals  of  the  PWCC  project. 

Section  III:  General  Comment  on  the  Handbook. 

Section  IV:  Draper's  View  of  Group  Technology,  including  code  design 
options  and  various  ways  GT  can  impact  producibility 

Section  V:  Relation  Between  PWCC  and  GT  Possibilities 


1 


II.  Goals  of  the  PWCC  Project 

The  PWCC  project  was  sponsored  by  Panel  SP-4-Design/Production 
Integration — of  the  Ship  Production  Commnittee  with  the  general  goals  of 
introducing  Group  Technology  (GT)  into  U.  S.  shipyards  and 
demonstrating  the  potential  uses  of  GT .  An  additional  goal  was  to 
produce  something  that  could  be  computerized.  An  important  constraint 
was  that  the  code  not  be  so  specific  that  some  yards  could  not  use  it. 

Additionally,  it  was  desired  to  produce  a  code  that  would  reinforce  and 
be  compatible  with  ongoing  efforts  to  use  product-oriented  shipbuilding 
methods  in  U.  S.  yards.  This  resulted  in  the  code  being  oriented 
heavily  toward  the  IHI  PWBS  method  of  shipbuilding,  which  was  developed 
mainly  for  commercial  shipbuilding.  The  result  (see  below)  is  certain 
emphases  and  omissions  in  the  code. 

Finally,  it  was  recognized  that  this  project  was  part  of  a  broader 
effort  by  SP-4  to  systematize  and  computerize  several  aspects  of 
shipyard  planning  activities.  These  include  Computer-aided  process 
planning  (CAPP) ,  long  term  scheduling,  short  term  load  leveling,  and  so 
on. 
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III.  General  Comments 

The  PWCC  Handbook  is  a  clear,  well-written  report  that  conveys  the 
nature  of  GT  and  explains  how  GT  could  be  used  in  shipbuilding.  The 
report  contains  examples  and  illustrations  of  how  GT,  in  connection 
with  other  techniques,  has  improved  the  operation  of  other  industries, 
notably  those  involved  in  manufacturing.  The  code  itself  is  clearly 
presented,  and  the  example  computer  dialogs  provide  an  easy  way  to 
prove  to  the  reader  that  the  system  really  can  be  used  to  code  interim 
products.  Strictly  speaking,  PWCC  codes  the  transitions  or  work  steps 
that  transform  one  part  or  interim  product  to  another.  It  does  not 
code  the  parts  or  interim  products  themselves.  This  is  discussed  in 
the  next  section.  The  author  does  a  good  job  showing  how  to  extend  the 
code  in  various  ways  to  cover  omissions  that  seem  to  him  to  be  the 
result  of  trying  to  keep  the  code  general  enough  for  all  U.  S.  yards  to 
use . 

There  is  a  gap  in  the  report  that  may  be  inherent  in  GT,  at  least  in 
shipbuilding  where  the  use  of  GT  is  new.  It  is  hard  for  the  reader  to 
believe  that  GT  will  really  be  useful  or  make  a  real  change  in  how  a 
yard  operates.  The  use  of  GT  can  actually  be  an  entire  way  of  doing 
business,  so  its  use  goes  well  beyond  the  act  of  coding.  In  the  case  of 
shipyards,  GT  has  the  potential  to  influence  the  design  of  ships  and 
the  design  of  yards.  The  extent  to  which  these  potentials  can  be 
realized  will  depend  on  how  both  the  yards  and  their  customers  react  to 
the  opportunities.  In  this  respect,  as  the  following  sections  discuss, 
the  present  report  may  not  go  far  enough.  Since  the  report  meets  the 
requirements  initially  set  for  it,  the  sponsor  might  consider  follow-on 
projects  that  fill  the  gaps  discussed  here. 

The  report  does  not  say  enough  about  how  the  code  might  be  adopted  and 
used  by  a  yard  and  what  other  methods  should  be  adopted  at  the  same 
time  (or  in  a  coordinated  plan)  so  that  the  advantages  can  be  obtained. 
This  process  would  certainly  be  different  at  each  yard,  but  a  model  of 
how  adoption  might  proceed  would  be  useful.  The  paper  from  Boeing  is 
very  helpful  in  this  regard  but  it  applies  to  manufacturing  and  may  not 
be  sufficiently  relevant  to  shipbuilding. 

The  next  two  sections  of  this  commentary  develop  these  ideas  more 
fully  . 
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IV.  Draper’s  View  of  Group  Technology 
A.  General  Issues 

Group  Technology  (GT)  involves  coding  various  entities  by 
characterization  of  their  features.  Entities  that  are  similar  will 
have  the  same  code,  and  dissimilar  entites  will  have  different  codes. 
Subsequently  one  may  use  the  coding  to  sort  for  similar  entities.  This 
is  done  for  many  purposes,  including,  say,  avoiding  duplication  of 
design  effort  or  for  the  grouping  of  entities  to  be  fabricated  or 
processed. 

Group  Technology  originated  in  Russia  in  the  late  1930’s.  It  was 
created  in  order  to  increase  the  utilization  of  the  small  number  of 
machine  tools  available  to  Russian  shop  managers.  Part  groups  were 
identified  for  which  common  fixturing  could  be  designed.  The  frequency 
of  setups  was  reduced,  and  machine  utilization  increased,  as  a  result 
of  using  such  fixtures  and  rearranging  schedules  so  that  parts  in  one 
group  were  made  in  a  long  series. 

Subsequently,  GT  has  been  applied  to  focus  on  any  scarce  or  valuable 
resource,  such  as  a  region  of  a  shop,  a  time  frame,  a  skilled  work 
crew,  etc.  The  implication  is  that  it  makes  sense  to  group  things  some 
other  way  than  by  a  time  sequence  (for  final  installation  or  initial 
material  delivery,  for  example).  A  further  implication  is  that  later 
regrouping  may  again  be  necessary  so  that  final  installation  or 
delivery  constraints  can  be  met. 

While  the  entities  coded  are  often  and  typically  parts  (Opitz),  they 
are  not  so  limited  (Beeby  &  Thompson)  and  may  include  assemblies  of 
parts,  capital  equipment,  computer  software,  &  c.  Figure  IV- 1  shows 
three  different  kinds  of  codes.  When  one  considers  GT  codes,  one  must 
keep  in  mind  what  class  of  entities  is  being  coded.  Thus,  for  example, 
while  a  code  that  codes  parts  may  be  applied  at  the  completion  of  a 
design  stage,  a  code  that  codes  assemblies  (“interim  products”)  may  not 
be  applied  until  a  process,  fabrication,  and  assembly  sequence  has  been 
worked  out.  In  particular,  in  the  publication  under  discussion, 
“Product  Work  Classification  &  Coding,”  one  is  concerned  with  the 
interim  product.  More  precisely,  PWCC  codes  the  transitions,  or  the 
fabrication  or  assembly  processes,  that  carry  one  interim  product  to 
the  next.  Thus  the  coding  under  discussion  can  be  applied  only  after 
both  design  and  process,  fabrication,  and  assembly  sequence  have  been 
worked  out. 

Consider  coding  interim  products  associated  with  the  erection  of  the 
hull  of  two  nominally  identical  ships  built  at  two  different  yards.  At 
one  yard,  hull  plates  are  welded  together  on  templates,  with  frames 
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and  longitudinals  added  subsequently;  at  another  yard,  hull  plates  are 
placed  over  and  welded  to  frames  and  longitudinals  which  have  already 
been  fabricated  on  jigs.  Even  though  the  ships  are  nominally 
identical,  the  assembly  sequences  are  different,  the  interim  products 
are  different,  and  code  sequences  that  represent  these  interim  products 
would  be  different.  Thus  generally  a  code,  such  as  PWCC,  representing 
interim  products,  cannot  be  applied  until  not  only  design,  but  also 
process,  fabrication,  and  assembly  sequence  have  been  worked  out. 

Shipbuilding  is  almost  unique,  by  virtue  of  the  following 
characteristics : 

1.  The  size  of  the  product,  characterized  by,  say,  component  part 
count . 

2.  The  reduction  by  welding  fabrication  of  a  huge  number  of  steel 
parts  into  a  monolithic  structural  entity. 

3.  The  level  or  degree  of  integration  of  various  ships'  systems  is 
very  large,  making  both  design  and  fabrication  planning  both 
critical  and  quite  difficult. 

Other  products  which  come  to  mind  which  share  these  characteristics  are 
buildings  that  house  modern  hospitals,  communication  centers,  or 
extensive  modern  manufacturing. 

A  ship,  in  comnon  with  most  industrial  products,  is  a  fabrication  and 
assembly  of  a  number  of  component  parts.  In  assembling  a  fractional 
horse-power  electric  motor,  a  manufacturer  may  be  concerned  with  tens 
of  parts;  with  hundreds  or  thousands  in  the  fabrication  and  assembly 
of  an  automobile.  A  yard  may  be  concerned  with  hundreds  of  thousands 
of  parts  while  fabricating  and  assembling  a  ship. 

It  is  common  that  a  fleet  of  nominally  identical  ships  is  produced  by  a 
plurality  of  yards,  and  that  details  of  procedure  are  different  from 
yard  to  yard.  Thus,  where  two  yards  may  produce  cruisers  of  a  given 
class,  and  while  there  may  be  a  close  correspondence  between  the 
component  parts  used  by  either  yard  to  fabricate  members  of  the  class, 
there  is  often  little  or  no  correspondence  between  class  members  at 
different  yards  during  the  fabrication  and  assembly  stage.  Where,  for 
example,  one  yard  may  produce  pre-out fitted  blocks  for  assembly  and 
mating  into  a  ship  on  the  ways,  another  may  assemble  ship's  structure 
into  grand  blocks  of  the  order  of  one-third  of  the  ship  to  do  both 
structural  integration  and  outfitting  subsequently.  On  a  more  detailed 
level,  one  yard  may  shop-prime  steel  structure  before  cutting, 
fabricating,  and  welding,  while  another  may  cut,  fabricate,  and  weld 
structure  before  blasting  and  priming;  one  yard  may  do  extensive 
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detailed  outfitting,  finishing,  wiring,  testing,  and  painting  of 
blocks,  while  another  may  launch  a  complete  hull  guite  unfinished  and 
devoid  of  outfit.  Thus  it  is  likely  that  two  or  more  yards  will  start 
with  similar  or  identical  parts  "kits,"  finish  with  similar  or 
identical  ships,  but  have  very  different  "interim  products"  at  any 
stage  during  construction. 

It  is  these  characteristics  which  permit  the  interim  products  of  a 
particular  class  of  ship  to  differ  so  greatly  from  yard  to  yard.  One 
would  not  expect  such  differences  in  interim  product  in  the 
manufacture,  for  example,  of  one  design  of  small  motor  at  several 
plants,  or  even  in  the  manufacture  of  one  automobile  at  different 
plants . 

An  important  conclusion  is  that  different  yards  will  likely  code 
interim  products  guite  differently,  even  if  they  are  built  into  the 
same  ship  design. 

B.  Possible  Uses  for  GT  Codes 

GT  codes  have  been  used  in  the  past  to  aid  two  general  manufacturing 
tasks,  design  and  production.  Codes  developed  for  one  purpose  may  or 
may  not  be  suitable  for  the  other.  Coding  is  based  on  identifying 
similarities,  which  may  be  difficult  to  do  until  one  knows  what  use  the 
code  will  be  put  to.  What  similarities  matter?  How  different  can  things 
be  and  still  be  considered  similar  enough  to  get  the  same  code? 

A  better  way  to  state  the  problem  is  to  say  that  the  code  should 
represent  the  differences  that  matter.  For  example,  a  code  that  is 
based  on  finding  similar  part  shapes  to  aid  in  production  planning  must 
distinguish  shape  differences  that  would  force  a  different  process  to 
be  used.  Another  example  is  the  NASSCO  pipe  shop  code,  which  is  used  to 
approximately  level-load  the  shop  and  plan  workpiece  routing.  This  code 
notes  if  large  diameter  pipe  must  be  bent  but  does  not  distinguish 
diameters  of  small  pipe  that  must  be  bent.  The  reason  is  that  small 
bending  dies  can  be  changed  very  guickly,  whereas  it  takes  an  hour  to 
change  a  large  die.  Thus  the  size  of  pipe  can  be  ignored  if  it  is  small 
because  die  changing  won't  impact  overall  processing  time  very  much. 

Classical  uses  for  GT  codes  are  as  follows: 

1.  For  design — 

design  retrieval 

standardization  and  control  of  proliferation  of  designs  for  almost 
the  same  part 

saving  time  during  design,  by  retrieving  process  plans,  purchasing 
data,  etc. 


generative  design,  in  which  the  designer  enters  a  code  and  the 
computer  creates  a  trial  design 

critigues:  a  group  of  designs  can  be  analyzed  to  see  which  types 
(codes)  recur  a  lot,  which  only  a  little,  or  to  compare 
designs  with  the  same  code  to  find  the  most  effective  designs 

2.  For  production — 

to  aid  in  scheduling  of  shops,  by  grouping  orders  for  a  certain 
balance  or  work  content,  or  to  meet  operating  criteria  like 
due  date,  or  to  identify  parts  or  jobs  that  do  or  do  not 
utilize  certain  scarce  resources  like  materials,  skills  or 
machines 

critigues:  to  see  how  many  jobs  with  similar  process  reguirements 
exist,  so  that  process  lanes  can  be  designed  to  meet  those 
needs,  as  well  as  to  reduce  the  number  of  jobs  that  cannot  be 
put  on  such  lanes 
generative  process  planning 

The  preceding  subsection  stated  that  the  PWCC  is  unusual  in  seeking  to 
code  the  changes  that  happen  to  a  work  package  or  interim  product  as  it 
makes  its  way  through  the  shipbuilding  process.  Tables  IV- 1  and  IV- 2 
compare  typical  scenarios  for  how  GT  might  be  used  in  a  manufacturing 
company  and  in  a  shipyard.  From  these  tables,  certain  differences  can 
be  seen  that  are  important  for  PWCC  and  how  it  might  be  used. 

The  first  major  difference  is  that  in  manufacturing,  the  designer  plays 
the  main  role  in  defining  the  part  and  the  code  it  will  be  given.  This 
code  remains  the  same  until  the  part  is  made.  A  scheduler  or  planner 
may  use  the  code  for  identifying  or  launching  work  packages,  but  he 
does  not  recode  the  items.  In  competitive  shipbuilding,  design  really 
is  largely  planning,  once  concept  design  is  complete.  This  is  why  yards 
and  detail  designers  should  work  closely  together.  There  is  not  one  but 
several  designers,  as  well  as  several  planners.  They  must  work  together 
to  identify  what  the  interim  products  ought  to  be.  As  interim  products 
evolve  and  move  through  the  construction  process,  they  get  new  codes. 
Thus  there  is  continual  involvement  by  the  planner. 

The  second  major  difference  is  that  shipbuilding  can  be  quite 
exploratory  on  the  first  ship  of  a  type.  Thus  the  identity  of  the 
interim  products  and  the  coding  can  be  expected  to  change  for 
subsequent  ships.  In  manufacturing  there  may  be  more  stability  of  part 
type,  materials,  processes,  and  so  on.  The  result  is  that  a 
shipbuilding  code  should  be  linked  to  a  data  gathering  activity  so  that 
poor  coding  can  be  identified  and  corrected,  and  so  that  new  process 
lane  opportunities  can  be  found  and  implemented. 


C.  Uses  for  GT  Codes  in  Shipbuilding 

The  tables  and  discussion  of  the  previous  subsection  are  a  response  to 
a  possible  reaction  to  PWCC,  namely  that  coding  would  consist  merely  of 
ratifying  someone  else's  decisions  regarding  identification  of  zones  or 
work  packages.  If  that  were  the  case,  coding  would  have  no  real  use, 
and  could  in  fact  become  a  nuisance  because  new  codes  must  be  created 
all  the  time  as  interim  products  move  through  the  yard. 

On  the  contrary,  the  act  of  coding  can  be  seen  as  a  way  of 
systematizing  the  process  of  designing  the  ship  from  a  producibility 
point  of  view.  As  designers  analyze  the  codes  that  result  from 
transition  design,  they  can  see  if  simple  designs  predominate,  or  if 
like-size  work  packages  result,  or  if  enough  information  exists  to  make 
good  decisions  regarding  the  timing  of  work  package  launches. 

On  the  assumption  that  a  shipbuilding  code  should  aid  producibility 
analysis  and  yard  work  definition  and  scheduling,  it  seems  to  us  that  a 
code  should  include  the  following  things  that  matter: 

1.  work  content  in  terms  of  time 

2.  explicit  or  implicit  information  on  skills  needed 

3.  explicit  or  implicit  information  on  the  itemt ' s  location  at  the 

time  work  will  be  done 

4.  schedule  due  date 

5.  explicit  or  implicit  information  on  ancillary  eguipment  needed 

6.  description  of  the  type  of  work,  materials,  and  tools  needed 

Each  of  these  is  consistent  with  a  transition  code  (TC)  which  PWCC  is. 

If  such  information  were  available,  one  could  sort  interim  product 
transitions  in  useful  ways.  For  example,  one  could  find  packages  that 
use  painters  at  the  aft  end  of  the  ship  three  weeks  from  today.  Or  one 
could  find  packages  with  HY-80  steel  that  will  need  primer  removed 
before  welding. 
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DESIGNER  DEFINES  PART,  AT  LEAST  CONCEPTUALLY 


1 


DESIGNER  WRITES  CODE  FOR  PART 


4 


COMPUTER  SEARCHES  FOR  ^SIMILAR  DESIGNS,  OR  CREATES  A  DESIGN 


l 


DESIGNER  ADAPTS /ADOPTS^  COMPUTER'S  OUTPUT,  OR  DESIGNS  IT  HIMSELF  IF 
THE  COMPUTER  CAN'T  HELP  HIM 


PLANNER  OR  SCHEDULER  USES  CODE  TO  GROUP  THE  PART  WITH  OTHER 
PARTS,  OR  TO  DEFINE  PROCESS  LANES 


CAPP  IS  USED  TO  WRITE  PROCESS  PLANS  FOR  THE  PARTS 


1 


TABLE  IV-1.  POSSIBLE  SCENARIO  FOR  USE  OF  GROUP  TECHNOLOGY  IN 
MANUFACTURING  CODING  IS  ASSUMED  TO  BE  DONE  BY  PART 


10 


DESIGNERS  DEFINE  ENTIRE  SHIP,  A  LEAST  CONCEPTUALLY 

i 


DIFFERENT  DESIGNERS  PARTITION  THE  SHIP  INTO  PARTS,  AND  OTHER  DESIGNERS 
PARTITION  THOSE  PARTS  INTO  STILL  SMALLER  PARTS  AND  INTERIM  PRODUCTS 
— BUT  "PART"  DEFINITION  IS  PROVISIONAL  AND  IN  SOME  CASES  ARBITRARY 


I 


DESIGNERS  AND/OR  PLANNERS  CODE  THESE  ITEMS 


TRIAL  GROUPINGS  OF  PARTS  ARE  MADE  BASED  ON  WORK  PACKAGE,  DUE  DATE, 

SKILL  LEVEL,  ETC.,  TO  SEE  IF  CODING  IS  ADEQUATE  AND  TO  SEE  IF  PARTS 
ARE  SUITABLE.  COMPUTER  HELPS  BY  SEEKING  SIMILAR  PACKAGES  AND 
DESIGNS  IN  TERMS  OF  COST,  WEIGHT,  SIZE,  ETC. 


T 

WORK  PACKAGES  ARE  CREATED  BY  SORTING  GROUPS,  KEEPING  TO  THE  MASTER  BUILD 
SCHEDULE  BUT  LOADING  THE  SHOPS,  SKILLS,  AND  PROCESS  LANES  EVENLY 


ACTUAL  TIMES,  CHARGES,  AND  WORK  CONTENTS  ARE  RECORDED  AND  USED  TO 
UPDATE  THE  DATA  BASES  AND  CAPP  PROGRAMS 


TABLE  IV-2 .  POSSIBLE  USES  FOR  GROUP  TECHNOLOGY  CODING  IN  SHIPBUILDING 
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V.  Relation  Between  PWCC  and  GT  Possibilities 


This  section  compares  the  PWCC  and  the  possible  uses  for  GT  discussed 
in  the  previous  section.  The  section  covers  aims,  structure,  and  uses 
for  the  code. 

A.  Aims 

The  report  could  be  strengthened  by  stating  the  aims  of  the  code  more 
precisely.  Perhaps  the  need  to  make  the  code  general  inhibited  the 
author  from  stating  the  aims  in  other  than  general  terms.  We  believe 
that  a  clearer  statement  of  the  code's  applicability  to  sorting  for 
production  control,  for  example,  would  be  helpful.  SP-4  might  well 
consider  this  issue  in  follow-on  projects.  The  following  subsections 
expand  on  this  topic. 

B.  Structure 

The  code  follows  the  IHI  PWBS  arrangement  and  thus  contains  IHI's 
emphases  on  commercial  ships.  Two  major  results  are  that  type  of  steel 
or  other  construction  material  is  not  called  out  (although  type  of 
paint  is)  ,  and  testing  is  not  shown  as  a  continuing  process  during 
outfitting. 

Yet  we  know  that  Navy  ships  are  made  of  several  distinct  materials  that 
require  very  different  processing,  skills,  times  (to  heat  up  before 
welding,  for  example),  preparation,  inspection,  and  so  on.  These 
differences  metter  because  they  change  timing,  personnel,  equipment, 
etc.  They  will  be  especially  important  for  implementing  the  extensions 
to  Process  Selection  that  are  discussed  in  Section  4.7  of  PWCC. 

The  IHI  PWBS  seems  to  look"  upon  outfitting  as  a  process  of  welding 
things  up  on  the  ship,  whereas  in  complex  ships  outfitting  to  a  large 
degree  amounts  to  installation  and  test  of  equipment.  These  tests 
proceed  in  hierarchies  and  can  take  a  very  long  time.  Other  work  may 
interfere  with  them,  and  they  may  extend  over  large  portions  of  the 
ship.  For  these  reasons,  tests  occur  often  during  outfitting,  and  the 
code  needs  to  recognize  this.  In  particular,  Test  definitely  should  be 
a  stage  in  Unit  Level  Assembly,  given  that  machinery  units  are  an 
important  type  of  unit,  and  they  are  thoroughly  tested  in  the  shop 
before  installation. 

Another  reflection  of  the  IHI  point  of  view  is  that  neither  vent  nor 
pipe  is  coded.  This  is  a  result  of  the  author's  code  design  decisions. 
IHI  doesn't  make  any  vent  in  the  yard.  However,  it  has  carefully 
categorized  pipe  piece  designs,  and  these  could  be  coded  separately  to 
help  a  yard's  shop  make  them,  much  as  NASSCO  has  done. 
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C.  Uses  for  the  Code 


The  report  and  the  computer  examples  give  the  impression  that  the  act 
of  coding  really  amounts  to  the  planner  exploiting  his  knowledge  of  how 
his  yard  operates.  He  "knows"  (page  70)  that  a  certain  work  package 
contains  too  many  items,  so  he  proceeds  to  divide  it  up.  Neither  the 
code  nor  the  report  show  what  other  information  is  needed  to  do  a  good 
job  in  such  cases.  Yet  there  is  great  potential  here  to  improve 
shipbuilding  as  well  as  to  provide  knowledge  to  planners  (rather  than 
depend  on  them  to  have  it  already) . 

The  report  also  does  not  do  enough  to  show  coding  in  the  context  of 
shipbuilding.  The  job  of  coding  seems  to  be  a  sterile,  isolated  act 
that  merely  states  in  numbers  that  a  particular  item  has  certain 
characteristics  which  anyone  looking  at  it  could  see  without  the  code. 
What  is  needed,  perhaps  in  followup  projects,  is  a  way  to  link  coding 
to  CAD  models  of  interim  products  (so  planners  could  visualize  the 
items  they  were  coding)  as  well  as  to  schedules  and  work  sequences  for 
building,  transporting,  installing,  and  working  on  them.  These  steps 
would  help  to  expand  knowledge  of  how  to  plan  shipbuilding  and  would 
create  betterf less  idiosyncratic  plans.  Figure  V-l  diagrams  how  coding 
might  interact  with  these  other  sources  of  information. 

To  serve  these  purposes,  the  code  would  have  to  be  expanded  over  its 
current  size.  This  expansion  may  have  to  be  done  by  each  yard  in  order 
to  express  its  unique  way  of  building  ships. 

D.  Other  Comments 

The  (PWCC)  has  the  following  salient  features  with  the  following 
associated  circumstances  and  consequences. 

PWCC  codes  almost  exclusively  transitions  from  part  to  interim  product 
or  from  interim  product  to  interim  product.  It  cannot  be  used  for  parts 
coding  and  rarely  or  not  at  all  for  interim  product  coding.  That  is, 
it  codes  types  of  work  rather  than  types  of  parts  or  interim  products. 
Thus  it  is  applicable  only  after  assembly  and  process  sequences  have 
been  worked  out  in  detail  as  well  as  after  design  is  completed.  In 
this  regard,  it  may  be  considered  to  be  a  code  to  be  invoked 
substantially  later  in  the  process  than  parts-coding,  if  any.  Assembly 
and  process  sequences  are  often  worked  out  fairly  late  in  the 
construction  of  a  lead  ship,  so  that  PWCC  appears  to  be  a  tool  suited 
to  planning  the  second  and  subsequent  ships  of  a  class  moreso  than  the 
lead  ship.  Additionally,  to  the  extent  that  significant  effort  and 
investment  is  implied  by  use  of  PWCC,  it  can  consequently  help  enforce 
a  certain  rigidity,  lack  of  flexibility,  or  reluctance  to  change  or 


13 


14 


evolve  construction  processes.  As  construction  processes  change,  the 
sequences  and  the  PWCC  coding  and  procedures  set  up  on  the  basis  of 
sorting  or  other  code  operations  must  also  change. 

The  PWCC  Code  as  presented  is  quite  lean  while  the  construction  of  a 
ship's  hull  can  be  very  rich.  The  leanness  is  by  consideration  and 
design,  yielding  a  fairly  simple  six-character  code  which  a  user  can 
quickly  learn  to  interpret  without  a  codebook.  However,  the  code  is 
lean  to  the  extent  that  various  potential  uses  of  transition  coding 
(TC)  are  precluded.  The  leanness  of  the  chosen  code  can  be  seen  in  the 
difference  between  attributes  considered  for  coding  (P.  31)  and  the 
PWBS  attributes  chosen  for  coding  (P.  33).  These  are  listed  in  Figure 
v-2.  For  example,  a  transition  coding  which  included  estimated  task 
time  would  be  more  useful  for  scheduling  exercises  than  one  which  omits 
task  times.  A  coding  of  any  type  (PC,  IPC,  or  TC)  which  includes 
information  breakdown  in  detail  is  much  more  useful  in  planning  steel 
welding  processes.  In  this  regard  remember  that  mild  steel,  HSLA 
steel,  and  high-yield  steel  (e.g.  HY80)  are  treated  quite  differently 

in  details  of  welding;  whether  primers  may  be  welded  over  or  not, 
whether  pre-heating  is  needed  or  not,  and  so  forth. 

The  issue  of  what  to  include  and  what  to  omit  in  GT  coding  is 
recognized  by  the  author  of  PWCC  and  the  pros  and  cons  are  mentioned; 
that  if  a  code  is  rich  in  the  detail  it  admits,  it's  more  complicated, 
more  prone-to  error  and  less  easily  used  than  it  might  be;  if  simple 
and  easy  to  use,  it  is  less  prone  to  error  but  lacking  in 
discrimination.  One  can  accept  the  proposed  code  as  a  compromise  to 
address  a  particular  set  of  circumstances,  but  perhaps  not  as  a  code 
suitable  for  steel  hull  construction  at  every  yard. 

This  suggests  that  there  is  some  utility  to  ad  hoc  generation  of  G.T. 
codes  to  fit  the  needs,  designs,  ship,  yard,  and  shop  of  the  moment. 
Such  codes  may  be  tailored  to  the  immediate  situations  to  discriminate 
amongst  differences  that  are  important.  A  disadvantage  of  hoc  code 
generation  is  that  it  leads  to  a  plethora  of  individual  codes  which 
take  no  advantage  of  potential  commonality  or  standard.  A  reasonable 
compromise  may  well  be  to  permit  the  accretion  of  a  series  of  extensive 
standard  codes,  which  the  potential  user  could  choose  from.  The  series 
of  codes  may  include  ones  to  address  part  and  interim  product  coding, 
ones  to  address  transitions  coding;  suitable  to  inside-shop 
applications,  to  block  and  zone  application,  and  so  forth.  The  user 
would  pick  the  extensive  standard  code  to  his  applications  by  coding 
only  on  those  characteristics  and  attributes  important  to  his 
applications  and  by  enforcing  a  null  entry  on  unimportant  attributes. 
The  result  is  specialization  within  a  small  collection  of  extensive 
standard  codes. 
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A  worthwhile  topic  for  future  SP-4  projects  would  be  to  build  on  the 
PWCC  base,  providing  routes  by  which  individual  yards  might 
particularize  it  to  their  needs  and  methods. 
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POSSIBLE  ATTRIBUTES  FOR  INTERIM  PRODUCT  CONTROL 


CODE 

TYPE 


ATTRIBUTES  CHOSEN  FOR  PWCC 


CODE 

TYPE 


SIZE 

SHAPE 

WEIGHT 

CONFIGURATION 

POSITION 

LOCATION 

SKILL  REQUIREMENTS 
LABOR  TYPE 
LABOR  QUANTITY 
MATERIAL  TYPE 
MATERIAL  QUANTITY 
PROCUREMENT  CHARACTERISTICS 
FABRICATION  CHARACTERISTICS 
ASSEMBLY  CHARACTERISTICS 
ERECTION  CHARACTERISTICS 
TEST  CHARACTERISTICS 


PC/IPC 

PC/IPCI 

PC/IPC 

PC/IPC 

PC/IPC 

PC/IPC 

TC 

TC 

TC 

PC/IPC 

PC/IPC 

PC/IPC 

TC 

TC 

TC 

TC 


WORK  TYPE 

MANUFACTURING  LEVEL 
ZONE 

PROBLEM  AREA 
STAGE 


TC 

TC 

IPC/TC 

IPC/TC 

TC 


KEY:  PC  -  PARTS  CODING,  IPC  -  INTERIM  PRODUCT  CODING,  TC  -  TRANSITION  CODING 


FIGURE  V-2.  COMPARISON  OF  POSSIBLE  ATTRIBUTES  ON  WHICH  TO  CODE  AND  THOSE  CHOSEN  FOR  PWCC 


